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CONGENITAL MALFORMATIONS INDUCED BY MATERNAL 
DIETARY DEFICIENCY 


That congenital malformations can be 
induced in mammals by maternal dietary 
deficiencies is now well established. Claims 
have been made that deficiency of the 
mother’s diet in vitamin A, riboflavin, 
folacin, pantothenic acid, vitamins By, D, 
or E can be used to induce experimentally 
congenital malformations in the young 
(Nutrition Reviews 2, 297 (1944); 6, 74, 
89 (1947); 11, 121 (1953); 12, 189, 348 
(1954)). Some of these experiments have 
been performed repeatedly and in different 
laboratories, while others still require con- 
firmation and elaboration. The nutritionist 
not personally acquainted with this type of 
nutritional experiment may think it strange 
that results obtained in one laboratory can 
not always be duplicated easily in another. 

The discrepancies in this field are the 
result of many factors. We must realize 
that congenital malformations can be ob- 
tained by dietary measures only if the 
mother is in a borderline deficiency state. It 
can be easily demonstrated that maternal 
starvation or deprivation of a _ specific 
essential nutrient results in sterility, re- 
sorption of the embryos, or the birth of 
dead or unviable young. It is equally easy 
to show that improvement of such diets 
results in improved reproductive perform- 
ance and usually in the birth of normal 
young. However, it is difficult to create a 
borderline deficiency that damages the 
embryo without killing it. 

To establish such deficiencies the deple- 
tion time must be regulated according to 
the mother’s ability to store the nutritional 
element in question. The mothers must be 
able to mate, and yet later on in the preg- 
nancy, be sufficiently depleted to bring 
about injury to the developing embryos. 


These may be damaged so severely that 
they die and are resorbed. Sometimes pre- 
mature death of the injured embryos may 
be prevented by timed supplementation of 
the diet with the lacking nutrient. In this 
way some of the injured and deformed 
fetuses can be salvaged and carried to term. 
Since the bacterial flora may interfere with 
experimental depletion by synthesis of 
essential nutrients, inhibitors and antago- 
nists have been employed in the production 
of deficiencies. Depleted animals are likely 
to devour their young, particularly unviable 
abnormal young; therefore, the mothers 
must be constantly supervised at the end 
of gestation, or the young removed by 
caesarean section. The genetic make-up 
of the experimental animals may influence 
the results to some extent. When the nutri- 
tional teratologist finally is successful in 
obtaining young with congenital malforma- 
tions, he is confronted with the greatest 
danger in his enterprise: he may mistake 
malformations occurring in his stock spon- 
taneously for changes induced by his experi- 
mental methods. To avoid such pitfalls, 
control animals must be examined constantly 
and with the same zeal and the same 
methods employed in the examination of 
the young of depleted mothers. 

At this point one may ask why so much 
time, energy and thought should be applied 
to the experimental production of congenital 
malformations by maternal dietary de- 
ficiency. Do conditions comparable to those 
of the experiments ever occur naturally? 
Can the experience won by such experi- 
ments be of any practical or theoretic 
value to the vast problem of congenital 
malformations in man? 

That domesticated animals are sometimes 
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kept under conditions comparable to the 
experiments referred to is an established 
fact. Animals restricted in their free move- 
ments and choice of food may be unwit- 
tingly deprived of essential foodstuffs by 
their breeder (Nutrition Reviews 2, 297 
(1944); 12, 14 (1954)). It is possible, there- 
fore, that congenital malformations appear- 
ing in domesticated herds, in zoos, or in the 
offspring of pets are due sometimes to dietary 
deficiency or other environmental condi- 
tions. 

It is difficult, however, to think of human 
reproduction under conditions comparable 
to the experiments resulting in congenital 
malformations. Poverty, famine, isolation, 
concentration camps, wars and many other 
restrictive conditions have been imposed on 
man by nature or his fellow men and may 
result in severe dietary deficiencies in 
women. In such cases, the premises exist 
for embryonic mutilation by maternal 
deprivation. However, in man mating and 
conception are limited under such unusual 
conditions. It is known that amenorrhoea 
and sterility occur early in women who are 
in states of serious dietary deficiency and 
that those women who conceive under such 
conditions are likely to miscarry or give 
birth to stillborn, premature, or unviable 
children (Nutrition Reviews 12, 260, 332 
(1954)). In contrast to the rat, the organo- 
genetic period in which most malforma- 
tions are determined is relatively short in 
man. It is followed by a long period of fetal 
growth in which damaged fetuses can be 
eliminated. This characteristic of human 
gestation may also explain why normal 
children can be born of mothers who are 
on very inadequate diets for a limited time 
before delivery. Inadequate diets in the 
last two trimesters of gestation may damage 
the fetus in many respects but can not cause 
true congenital malformations. Some of the 
devices used in the experimental production 
of congenital malformations, such as timed 
interruption of the depletion period, the 
use of inhibitors and antagonists and the 
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like, have probably no counterpart in 
human reproduction with the exception of 
rare circumstances imitating experimental 
conditions. These are some of the con- 
siderations which should caution us not to 
use without critical reservations the results 
obtained in teratogenic animal experiments 
as explanations of human congenital mal- 
formations. 

Is there any proof that congenital anom- 
alies of children can be attributed to ma- 
ternal dietary deficiencies? Many deformed 
children are born to mothers whose diets 
during pregnancy can be considered inade- 
quate, but it is difficult to rule out in such 
sporadic cases the role of genetic or non- 
dietary factors. Although some careful 
studies suggest an increased incidence of 
congenital malformations in children of 
malnourished mothers, a causal connection 
is difficult to prove (Nutrition Reviews 12, 
260 (1954)). There exists one rather well- 
defined syndrome of physical and mental 
deficiency in man which can be safely at- 
tributed to maternal dietary deficiency, 
namely, endemic cretinism. This disorder, 
once wide-spread in many areas of Europe, 
Asia and Africa, is usually attributed to 
maternal iodine deficiency, although it is 
possible that other nutritional factors con- 
tribute to its etiology. By adding iodine to 
the salt and additional dietary improve- 
ments, endemic cretinism was found to be 
preventable in Switzerland and in other 
European countries. Investigators, who have 
studied endemic cretinism with its social 
and economic problems and its eradication 
within one generation, have a sincere ap- 
preciation of the influence of the maternal 
diet upon the physical and mental make-up 
of children. 

The early investigators concerned with 
nutritional teratology were searching for an 
experimental method to produce congenital 
malformations in mammals. About twenty 
or thirty years ago, it was an almost gen- 
erally accepted tenet that all congenital 
malformations are genetically determined 
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and hereditary. The establishment of nu- 
tritional methods making possible the in- 
duction of systemic congenital anomalies 
in stocks otherwise free of malformations 
demonstrated that adverse environmental 
conditions can not be ruled out a priori as 
causative factors. In recent years other 
teratogenic methods have been developed 
which confirm and supplement earlier 
nutritional studies. Of these methods, x- 
irradiation and trypan blue treatment of 
the pregnant female deserve special men- 
tion, since they are easily performed and 
result with great regularity in malforma- 
tions of the young. 

Is there any merit in continuing nutri- 
tional teratogenic experiments requiring so 
much effort and skill? The answer to this 
question should be in the affirmative. It is 
probably not accidental that maternal 
vitamin deficiencies have been found to be 
teratogenic and that they result in specific 
syndromes of malformations. The congenital 
syndromes induced by deficiency of the 
mother in riboflavin, folacin and vitamin 
By overlap to some extent, but the anomalies 
attributable to vitamin A or D deficiency 
have morphologic characteristics which 
make them easily distinguishable from those 
of the B-vitamin group deficiencies. It is 
likely, therefore, that the malformations 
produced by maternal vitamin deficiencies 
are due to a lack of specific chemical sub- 
stances whose role in prenatal development 
had not been recognized before. There are 
indications, for instance, that riboflavin 
and folacin requirements are greater for 
certain processes of embryonic differentia- 
tion than for general fetal growth. Such 
insight into metabolic processes of the mam- 
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malian embryo can not be gained by un- 
specific teratogenic methods such as x-ray 
or trypan blue damage. 

Another point of considerable theoretic 
interest is the resemblance of the effects of 
prenatal nutritional deficiencies to those of 
abnormal genes. While malformations pro- 
duced by these abnormal processes differ 
both in their origin and in their importance 
for the species, they do show interesting 
points of similarity in their morphology and 
in their mechanism of development. In 
contrast to acute teratogenic methods, both 
genic deficiencies and continuous nutritional 
deficiencies represent chronic abnormal 
states of prenatal life. In both cases the 
embryo develops against a permanently 
abnormal background which manifests itself 
only at periods of increased demands. It is 
likely that both genic deficiencies and pre- 
natal vitamin deficiencies result in inhibition 
of similar enzymatic processes necessary for 
normal development. While little is known 
about the biochemical reactions of genes 
leading to malformations, nutrition experi- 
ments can aid in the discovery of blocking 
mechanisms which result in morphologic 
changes similar to those induced by ab- 
normal genes. By aiding the geneticist in 
his quest for elucidation of abnormal gene 
action, the nutritionist may make his 
greatest contribution to the problem of 
congenital malformations. 

Joser WarRKANY, M.D. 

Professor of Pediatric Research 

Children’s Hospital Research 
Foundation 

University of Cincinnati 
College of Medicine 


THIAMINE IN HUMAN HEART FAILURE 


The importance of thiamine in inter- 
mediary metabolism of heart muscle is well 
recognized and in addition there is some 
evidence that patients with heart failure 


may have a body deficiency of thiamine, 
particularly after the prolonged use of 
mercurial diuretics. To study this matter 
further M. G. Wohl et al. (J. Clin. Invest. 
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33, 1580 (1954)) measured the free thiamine 
and cocarboxylase content of heart muscle 
and also of liver and kidney tissue at post- 
mortem in 12 patients dying from heart 
failure with evidences of various kinds of 
severe organic heart disease. This was 
compared with the same determinations 
in the same tissues taken from 10 patients 
without heart disease, but dying of other 
causes. It is worthy of note that one of these 
latter patients died on her second hospital 
day after a coronary occlusion and yet is 
included in the control cases, presumably 
because she had no previous history of 
heart disease. Five of the control patients 
had cerebrovascular hemorrhage, 1 pul- 
monary embolism, 1 gangrene of the left 
leg, and | ‘“‘obstructive uropathy.” 

Tissue was obtained within five hours 
after death and frozen until required for 
analysis. A modification of the method 
developed by M. Hochberg and D. Melnick 
(J. Biol. Chem. 156, 53 (1944)) was used 
to measure the cocarboxylase by the dif- 
ference between total thiamine and free 
thiamine, the latter determined by a modi- 
fication of the method of Hochberg, Mel- 
nick, and B. L. Oser (‘‘Vitamin Methods,” 
edited by P. Gyérgy and S. Rubin, Aca- 
demic Press, New York (1950)). Not only 
was a decrease found in the mean thiamine 
and cocarboxylase contents of heart muscle 
in the cardiac as compared with the con- 
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trol subjects, but these differences were also 
consistent, there being essentially no over- 
lapping between the two groups. Thus, the 
total thiamine content of the ‘‘non-car- 
diacs’”” was 1.37 micrograms per gram of 
wet tissue as compared to 0.60 micrograms 
for the cardiac subjects. The cocarboxylase 
content was 0.84 and 0.36 micrograms per 
gram of wet tissue, respectively. The dif- 
ferences were even greater when calculated 
on the basis of tissue nitrogen after drying. 
The differences between the noncardiac 
and cardiac subjects with respect to liver 
and kidney tissue were less, and were sig- 
nificant only with respect to total thiamine 
in liver, whether determined on wet tissue 
or after drying. 

Unfortunately, because of the nature of 
the study it was presumably impossible for 
the authors to obtain histories of food 
intake on either the cardiac or control in- 
dividuals prior to death so that these could 
be compared. The assumption would seem 
valid that the patients dying of severe 
cardiac disease had not been well nourished 
for a considerable period of time prior to 
death. Whether the deficiencies found were 
sufficient to impair the metabolism of 
heart muscle was not known, although, as 
the authors indicate, these evidences of 
undernutrition with respect to thiamine 
are certainly suggestive. 


IRON AND OTHER METALS IN HEMATOPOIESIS 


The availability of radioactive iron in 
recent years has made it possible for in- 
vestigators to contribute additional and 
more precise information to our knowledge 
of iron metabolism, and to re-evaluate 
studies on this subject which were accom- 
plished in years past. Significant con- 
tributions in these fields have been made 
by C. V. Moore and his co-workers. Their 
recent work pertaining to the metabolism 
of iron in man and the importance of nu- 
tritional factors in the pathogenesis of iron 


deficiency anemia has been summarized by 
Moore (Am. J. Clin. Nutrition 3, 3 (1955)). 

In order to simulate physiologic condi 
tions, radioactive iron was incorporated 
into various foods. Eggs containing radio- 
active iron were obtained from hens in- 
jected with this isotope. Muscle and liver 
from the injected hens were also used. Iso- 
topic iron was incorporated into vegetables 
(spinach, lettuce, other greens) and_ into 
yeast by growing it in nutrient solutions to 
which radioiron was added. Foods contain- 
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ing radioactive iron were prepared in the 
usual manner and fed to normal adult 
subjects and to patients with iron defi- 
ciency anemia. Observations were made on 
the absorption, utilization and excretion of 
the radioactive iron contained in the in- 
gested foods. 

In most experiments normal adult sub- 
jects absorbed 10 per cent or less of the 
iron contained in the foods ingested. Pa- 
tients with iron deficiency anemia usually 
absorbed 10 per cent or less of ingested iron 
when eggs from iron-injected hens were 
fed. More than 10 per cent of the iron in- 
gested in chicken liver, vegetables, yeast, or 
bread enriched with radioactive iron salts 
was absorbed by these patients. That the 
availability of iron is dependent in part 
upon the kind of food containing it is ap- 
parent. 

The significance and practical implica- 
tions of the studies concerning the use of 
various iron salts for enrichment of bread 
have been presented previously (Nutrition 
Reviews 13, 165 (1955)). The effect of some 
other foods upon the absorption of iron 
from eggs and from bread enriched with 
radioactive iron salts was also determined. 
Relatively. large amounts of citrus fruit 
juices or of ascorbic acid given orally en- 
hanced the absorption of iron contained in 
these foods. This effect was more pro- 
nounced in patients with iron deficiency 
anemia. Cysteine had an effect similar to 
ascorbic acid, but other organic acids 
(citric, lactic, tartaric) did not enhance 
iron absorption. The doses of ascorbic acid 
used had comparatively little effect upon 
gastric acidity. The acidification of cooked 
eggs with hydrochloric acid to lower the pH 
of the food mixture to 1.5 (the approximate 
acidity of gastric juice) before administra- 
tion of the mixture by stomach tube was 
without effect upon iron absorption. These 
observations point to the efficacy of reduc- 
ing substances in the diet in enhancing iron 
absorption, and tend to relegate the role of 
gastric acidity to one of minor importance. 

It is estimated that food iron absorbed by 
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healthy men and women averages about 10 
per cent of that contained in the daily diet, 
and in some instances is less. The daily 
intake of iron by adults in the United 
States is estimated to be 12 to 15 mg. The 
quantity of iron absorbed daily probably 
varies from about 0.6 to 1.5 mg. This 
estimate of iron absorption can be compared 
to the estimates for iron normally excreted, 
including that lost as menstrual blood. 
Normally iron is excreted in small quantity 
in the feces (about 0.01 per cent of the ad- 
ministered dose per day), in sweat, and in 
urine. The fractions of iron which are lost 
by these routes by true excretion and 
secondary to desquamation of epithelial 
cells which contain iron is difficult, if at 
all possible, to determine. The magnitude 
of daily iron losses was calculated to be 
0.3 to 0.5 mg. for fecal excretion, probably 
not more than 0.5 mg. for sweat and skin 
desquamation, and small but detectable 
amounts for hair and urinary losses. The 
normal adult male thus loses or excretes 
0.5 to 1.5 mg. of iron daily, figures which 
approximate closely the normal absorbed 
values as determined by radioactive iron 
absorption studies. In the case of adult 
females an additional average daily loss of 
0.5 to 1.0 mg. of iron entailed by menstrua- 
tion must be considered. This places the 
young adult female in a tenuous position 
in relation to the maintenance of iron 
balance and accordingly predisposes her to 
the development of iron deficiency anemia, 
especially if factors of poor dietary intake or 
faulty absorption of iron are also operating. 
These figures indicate that normal adults 
maintain iron balance by a narrower margin 
than is generally considered to be the case. 

Moore makes an interesting calculation to 
demonstrate that even in the absence of 
iron absorption and with a continuing 
normal iron excretion, several years would 
be required for the development of iron 
deficiency anemia with a hemoglobin value 
of 7.5 g. per 100 ml. of blood in an adult 
male or in a postmenopausal female. Ac- 
cordingly the presence of a hypochromic 
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anemia should arouse the strong suspicion 
of occult, intermittent blood loss which may 
not be easy to detect, since dietary defi- 
ciency of iron alone may not account for an 
iron deficiency anemia. 

In addition to iron, other metals have 
been demonstrated in circulating blood or 
in bone marrow. Among these are copper, 
cobalt, zinc and molybdenum. The relation 
of these trace elements to hematopoiesis is 
discussed by G. E. Cartwright (Am. J. 
Clin. Nutrition 3, 11 (1955)). Copper de- 
ficiency results in anemia in several mam- 
malian species. In swine the anemia is 
morphologically similar to that seen with 
iron deficiency. Several observations sug- 
gest that copper is involved in the 
metabolism and utilization of iron. Swine 
maintained on copper-deficient diets which 
result in the development of anemia also 
demonstrate hypoferremia even though ade- 
quate iron is fed. Copper-deficient animals 
are unable to absorb iron at a normal rate. 
Other studies suggest that a defect in 
hemoglobin synthesis exists in copper-defi- 
cient animals. With the use of radioactive 
iron it was demonstrated in copper-defi- 
cient swine that iron turnover rate and rate 
of incorporation of iron into red blood cells 
is increased, and that red blood cells pro- 
duced under these circumstances have a 
decreased survival time. Copper-deficient 
swine are also less capable than control 
animals of increasing red cell production 
following the administration of phenylhy- 
drazine, a substance which produces a 
hemolytic anemia. The mechanism whereby 
these alterations in iron metabolism, hema- 
topoiesis, and in red cell survival in animals 
are influenced by copper deficiency is not 
known. 

Copper is found in mammalian tissues in 
several forms. Butyryl coenzyme A dehy- 
drogenase is a cuproflavoprotein which 
catalyses the first oxidative step in the 
conversion of certain fatty acids to acetyl 
coenzyme A. ‘Tyrosinase also contains 
copper and catalyzes oxidation reactions 
involving tyrosine. Most copper is found 
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in plasma with ceruloplasmin, a copper- 
containing globulin. Other copper-contain- 
ing proteins include hepatocuprein isolated 
from liver, erythrocuprein which is found 
in red blood cells and is immunologically 
different from ceruloplasmin, and a milk 
copper protein. The relation of these copper- 
containing proteins and enzymes to each 
other and to hematopoiesis is not clearly 
understood. 

Dietary deficiency of copper has not been 
described in man since even poor quality 
diets are likely to provide the adult re- 
quirement of 2 mg. daily. Plasma copper 
levels determined on patients who had been 
subsisting on inadequate diets (scorbutic 
subjects, cirrhotic patients, prisoners of 
war) were either normal or elevated. Plasma 
copper levels in patients in whom altera- 
tions in copper absorption, utilization, or 
excretion might be expected were also 
studied (see also Nutrition Reviews 11, 296 
(1953)). Two patients with sprue had de- 
creased copper levels. Four of 6 patients 
with the nephrotic syndrome associated 
with massive proteinuria also had decreased 
plasma copper levels due to an increased 
urinary excretion of copper. In none of 
these patients, however, did the administra- 


tion of copper have a convincing or specific | 
hematopoietic effect with correction of the | 


associated anemia. Hypocupremia has also 
been observed in the newborn infant and 
in patients with Wilson’s disease (hepa- 
tolenticular degeneration). In both these 
situations tissue copper is actually in- 
creased. A decreased plasma ceruloplasmin 
level is known to be associated with Wil- 
son’s disease. Copper metabolism in this 
neurologic disorder has been the subject of 
previous discussions (Jbid. 12, 198, 30; 
(1954)). 

Cobalt deficiency is known to result in 
anemia in ruminants which graze in areas 
where the soil cobalt content is low. It is 
thought that cobalt deficiency limits the 
production of vitamin By, in the rumens of 
these animals, since cobalt is a constituent 
of the vitamin By» molecule (Nutrition Re- 
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views 11, 114 (1953)). The administration 
of cobalt to many mammals including adult 
man results in erythropoiesis and _poly- 
cythemia, although the exact mechanisms 
involved are still obscure. Cobalt has been 
used clinically in certain types of anemia 
for which no specific therapy is known. 
These include the anemia associated with 
chronic infection, cancer and chronic renal 
disease. The hematopoietic effect of cobalt 
in these situations is nonspecific and prob- 
ably related to a pharmacologic rather than 
to a physiologic action of this substance. 
The clinical use of cobalt is limited by the 
undesirable side effects which may follow 
its use. These include loss of appetite, 
nausea, vomiting, tinnitus (ringing in the 
ears), deafness, substernal pain, thyroid 
hyperplasia with hypothyroidism, and even 
sudden death. The human requirement for 
cobalt is probably less than 5 micrograms 
daily. Normal adult subjects on self-se- 
lected diets ingest about 5 to 8 micrograms 
of cobalt daily. A primary dietary deficiency 
of cobalt has not been reported in man. 
Zine is a component of carbonic anhy- 
drase, and is found in many body tissues, 
including red and white blood cells. Zinc 
deficiency has been difficult to produce in 
animals, and is not known to occur in man. 


. The reason for the elevation of zine con- 


centration in the circulating red cells of 
patients with pernicious anemia is unex- 
plained. Excessive ingestion of molybdenum 


by cattle or sheep results in florid evidences 
_ of copper deficiency, presumably by making 


copper unavailable or by interfering with 
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copper-containing enzymes. Molybdenum 
has been identified as a dietary factor 
necessary for maintaining intestinal xan- 
thine oxidase activity (Nutrition Reviews 11, 
250 (1953)). Only limited information is 
available concerning molybdenum and zinc 
in human nutrition. Investigations on zine 
in health and disease were summarized in a 
previous review (/bid. 11, 116 (1953)). 

The role of iron in human nutrition and 
in the therapy of iron-deficiency anemia is 
established beyond question. There is 
actually littke known about the roles of 
cobalt, copper, zinc and molybdenum in 
human nutrition and in hematopoiesis. 
Claims that addition of these substances to 
iron preparations enhances their thera- 
peutic effect in patients with iron-defi- 
ciency anemia are not adequately 
substantiated. Essentially all available 
therapeutic iron preparations contain sig- 
nificant amounts of copper. Whether this 
copper present as a “contaminant” con- 
tributes to the therapeutic responses ob- 
tained in patients with iron deficiency 
anemia given these preparations is not 
known. Information is lacking concerning 
the potential toxicity of dietary supple- 
ments of cobalt, zinc and molybdenum, 
especially if these are given in small doses 
for long periods of time. Until more con- 
vincing evidence is available concerning the 
possible benefit to be derived from the 
addition of these metals to iron prepara- 
tions now available, the practice of adding 
them to therapeutic iron and other anti- 
anemic medications seems unwarranted. 


NUTRITION STUDIES IN SEVERELY BURNED PATIENTS 


If malnutrition develops in patients with 
severe injuries, important complications 
ensue—wound infections are more serious, 
wound healing is delayed, gastrointestinal 
and hepatic functions are impaired, con- 
valescence is prolonged and mortality in- 
creased. This problem, important in day- 
to-day civilian life, becomes magnified in 


time of war. Thus, among a group of pa- 
tients with severe battle wounds and renal 
failure treated during the Korean War in 
1952-1953, weight losses of 20 to 30 pounds 
in two to four weeks were frequent, and 
losses up to 45 pounds in the same period of 
time were seen. Malnutrition was not 
limited, however, to wounded soldiers with 
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concomitant renal failure, but was observed 
in many seriously wounded patients without 
renal failure. In general, the more severe 
the injury, the greater the nutritional 
disturbance. 

Patients with thermal burns have been 
among the most frequently studied by those 
interested in establishing the pathogenesis, 
prophylaxis and treatment of the nutri- 
tional deterioration associated with severe 
injuries. Patients with thermal burns con- 
stitute one of the largest groups of exten- 
sively injured individuals encountered in 
peacetime—and such patients will almost 
certainly constitute the largest group of 
injured in any future war in which nuclear 
weapons are used. Burns were responsible 
for more than half of the fatal casualties 
and probably for about three quarters of 
all the casualties at Hiroshima and Naga- 
saki. 

Disturbances in the metabolism of all 
nutrients so far studied have been de- 
scribed following extensive thermal burns 
and other trauma. These have been dis- 
cussed many times (Nutrition Reviews 3, 
40, 86, 253 (1945); 4, 6 (1946); 6, 46 (1947); 
6, 20, 161 (1948); 7, 123 (1949); 8, 137 
(1950); 9, 257 (1951); 10, 99, 195 (1952); 
11, 265 (1953); 12, 265 (1954)). Hyper- 
glycemia, glycosuria, lactacidemia, impaired 
glucose tolerance, increased fat oxidation, 
sodium and water retention, and increased 
potassium and nitrogen excretion have all 
been described. Protein metabolism, in 
particular, has been frequently studied. 
There is a variable loss of nitrogenous com- 
pounds from burned areas depending upon 
(1) depth of burn, (2) extent of burn, (3) 
infection—the greatest losses from the 
surface occur from extensive, deep, infected 
burns. Further, characteristically, a burned 
individual excretes increased amounts of 
nonprotein nitrogen in his urine for three 
to seven weeks following injury. During 
this time he is in negative nitrogen balance 
and is gradually losing body protein. 

The intensity and duration of this period 
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of protein depletion depends upon a number 
of factors, among which are the extent of 
burn and the state of the individual at the 
time of injury. It is the previously healthy, 
well nourished young adult male who shows 
the greatest derangement in nitrogen me- 
tabolism. The reaction is significantly less 
in children, females, and the aged. The 
extent of the metabolic imbalance parallels, 
roughly, the severity of the injury. How- 
ever, we are still not entirely clear what 
the basic mechanisms are for the metabolic 
derangements after injury. 

For example, there has been considerable 
discussion whether the increased urinary 
nitrogen reflects, primarily, an increase in 
tissue catabolism or a decrease in tissue 
anabolism. T. G. Blocker and co-workers 
(Ann. Surg. 141, 589 (1955)) summarize 
studies carried out by them with radioac- 
tive sulfur-labeled L-methionine. They ob- 
served that this amino acid is incorporated 
at an accelerated rate into the serum pro- 
teins of patients during the early period 
following burns. Anabolism, then, is occur- 
ring. At the same time, however, they state 
that catabolism is going on at an even 
greater rate—with the net result of an 
increased urinary nitrogen excretion. The 
authors do not include specific data in 
this paper, nor do they specifically mention 








what tissues, other than serum proteins, 


were studied. 

There are a number of factors involved 
in the metabolic disturbances following 
injury. Among these are autolysis and 
absorption of tissue breakdown products, 
inactivity, specific amino acid deficiency, 
renal dysfunction, increased proteolytic 
enzyme activity, increased metabolic rat 
imbalances of endocrine function, and re- 
duced dietary intake. 

Although the pathogenesis of the in- 
creased nitrogen excretion after severe 
burns has not been clearly elucidated, we 
know, from the practical point of view, that 
one of the most important factors which 
influence the extent of nutritional depletion 
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is the food intake. The intake of the seri- 
ously injured patient is normally decreased 
in the early period following trauma, and 
this accentuates the nitrogen loss. Blocker 
and his associates have observed, as have 
others (S. M. Levenson, E. A. Lounds, and 
R. Morris, Ann. N. Y. Acad. Sci. 56, 37 
(1952)), that although an increase in urinary 
nitrogen excretion is observed in severely 
burned patients whose dietary intakes are 
maintained at fairly high levels beginning 
relatively early after injury, the loss is 
significantly less than in similar patients 
with lesser food intakes. 

Blocker and co-workers treated 237 pa- 
tients with acute burns during the period 
1950-1954; approximately one half of these 
had burns involving over 20 per cent of 
the body surface. These were the patients 
considered to be potential nutritional 
problems. In addition, 171 patients with 
old, slowly healing burns and varying de- 
grees of nutritional depletion were also ob- 
served. In a large number of these patients 
feeding was accomplished by the adminis- 
tration of high calorie, high protein liquid 
feedings through a small caliber nasogastric 
polyethylene tube. Whole proteins were 
used in preference to protein hydrolysates; 
mixtures of oral fat emulsions and dextrose 
were used to supply added calories. (No 
information as to relative proportions of 
fat and carbohydrate are given.) They ob- 
served weight loss in patients confined to 
bed with burns involving the full-thickness 
of the skin and fed diets containing less 
than 2 g. of protein and 35 calories per 
kilogram of body weight. On the other hand, 
if diets containing 2 to 4 g. of protein and 
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45 to 85 calories per kilogram of body 
weight were fed, body weights were main- 
tained. (No definite statement is made as 
to how early after injury these levels were 
attained in the entire group of patients 
with acute burns.) Mixtures containing 
150 g. of protein and 2400 calories per 
liter of diet were commonly used. Large 
amounts of vitamins, particularly of the B- 
complex and ascorbic acid, were included 
(no specific quantities mentioned), as were 
electrolytes. Those patients with old burns 
who had lost considerable weight by the 
time of admission tolerated larger amounts 
of food (specific data not given). 

Blocker and his associates state that the 
forced-feeding regimen led to better morale 
of the patients, more rapid healing time, 
greater resistance to infection, better take 
of grafts and shorter periods for rehabilita- 
tion. Specific data for 5 patients are in- 
cluded—4 with acute burns and one with 
old burns. Unfortunately, no tabulation of 
all the patients studied—their clinical 
courses, metabolic data, etc.—is given. 

This paper points out the important 
practical problem of adequately feeding the 
seriously injured patient. In certain spheres, 
for example infection, the presence of the 
one injury potentiates the other. Signifi- 
cant impairment of gastrointestinal func- 
tion is likely to follow radiation injury and 
there is evidence that other metabolic dis- 
turbances may also occur. Data on the 
nutritional problems of individuals with 
combined thermal (or other traumatic) in- 
juries and irradiation injury are needed. At 
present, such information will be largely 
dependent on animal studies. 


RELATION OF FATTY LIVER TO HEPATIC FIBROSIS 


Dietary deficiency of lipotropic factors 
results in fatty infiltration of the liver fol- 
lowed by diffuse hepatic fibrosis in experi- 
mental animals. Clinical observations like- 
wise suggest a close relation between fatty 


liver lesions and the subsequent develop- 
ment of fibrosis, although the factors in- 
volved in the pathogenesis of these lesions 
in man are not so well established. An 
association of fatty infiltration of the 
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liver with subsequent fibrosis does not, 
however, necessarily mean that these are 
causally related (Nutrition Reviews 13, 67 
(1955)). 

Evidence for a causal relationship be- 
tween fatty infiltration of the liver and 
hepatic fibrosis has been presented by W.S. 
Hartroft (Ann. N. Y. Acad. Sci. 57, 633 
(1954); Nutrition Reviews 13, 49 (1955)). 
Utilizing special histochemical staining tech- 
nics, this worker has illustrated a sequence 
of morphologic events in liver sections from 
rats maintained on alipotropic diets which 
can be summarized as follows: Liver cells 
which accumulate fat may coalesce to form 
“fatty cysts.’’ These cysts may eventually 
rupture and extrude their contents into the 
blood stream, the bile, and extracellular 
spaces in the liver. As a result of the in- 
flammatory reaction induced in the extra- 
cellular liver areas by the fat droplets, or 
fragments of necrotic cells, or both, con- 
nective tissue proliferates. Fibrous tra- 
beculae are formed and represent the early 
stage of hepatic fibrosis. Residual cysts have 
been described in the fibrous trabeculae in 
patients with cirrhosis of the liver, suggest- 
ing that a similar sequence may be involved 
in man (Hartroft, Arch. Path. 65, 63 (1954); 
C. M. Leevy, M. R. Zinke, T. J. White, 
and A. M. Gnassi,. Arch. Int. Med. 92, 527 
(1953)), although pathologists do not unan- 
imously agree that this is the case. 

A study of the transition of fatty liver 
into cirrhosis as determined by histologic 
examination and three-dimensional recon- 
struction of liver specimens is reported by 
H. Popper, P. B. Szanto, and H. Elias 
(Gastroenterology 28, 183 (1955)). Patients 
with hepatic disease representing different 
stages of fatty liver-cirrhosis were utilized 
to study fibrous membrane and septum 
formation which is characteristic of fatty 
cirrhosis associated with alcoholism. Twenty 
patients with fatty livers found at autopsy 
incidental to other causes of death demon- 
strated histologically an undisturbed lobular 
pattern, and slight increases in connective 
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tissue in central areas, around areas of focal 
necrosis within the parenchyma, and in 
the periportal triads, where it presented a 
stellate appearance similar to the “stellate 
fibrosis” described by J. N. P. Davies in 
the pathology of kwashiorkor (Ann. N. Y. 
Acad. Sci. 57, 714 (1954); Nutrition Re- 
views, 13, 67 (1955)). 

Forty patients with fatal hepatic disease 
characterized by jaundice and large fatty 
livers, without sufficient fibrosis to account 
for hepatic failure on this basis, constituted 
another study group. Eight of these patients 
displayed liver histology similar to that 
described above. Liver specimens obtained 
from 32 of these patients demonstrated 
beginning septum formation. The periportal 
membranes were more advanced in develop- 


ment. Fibrous septums extended into the | 


liver parenchyma from the center and the 
periphery of the lobule, especially near 
areas of liver cell necrosis or regeneration. 
Three-dimensional reconstructions revealed 
that these septums occurred in sheets curv- 
ing in several planes and ending with free 
edges within the liver lobules. The next 
stage in development was illustrated by 
patients with diffuse hepatic cirrhosis (50 
patients with and 60 without hepatic fail- 
ure). The septums from the center, the 
periphery, and from within the lobules met 
at several angles and at several planes to 
subdivide the liver lobules. Finally, septum 
formation is completed and the lobular 
liver architecture transposes into a nodu- 
lar pattern with irregular spacing of the 
portal triads and central canals. 

Popper and co-workers state that sep- 
tums originating centrally may have been 
related to fatty cysts in this location, but 
point out that these septums were in a 
minority. Therefore, in their opinion, the 
rupture of fatty cysts does not entirely 
explain the formation of fibrous septums. 
It is suggested that hepatic necrosis may be 
the factor of most importance as a pre- 
cursor of fibrous tissue formation. The 
possibility that the fatty liver may be 
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more susceptible to the toxic effects of 
various injurious agents (for example, in- 
fection, chemicals) is raised. The fatty 
liver thus may be predisposed to cellular 
necrosis followed by the histologic sequence 
described above. 

Other hypotheses have also been formu- 
lated concerning the relation of fatty liver 
lesions to the development of hepatic 
fibrosis (H. P. Himsworth, ‘“‘The Liver and 
Its Diseases,” Harvard University Press, 
Cambridge (1947)). For example, it is 
possible that the distention of liver cells 
with fat may interfere with the intralobular 
sinusoidal circulation and bring about 
liver cell necrosis as a result of anoxia or of 
cellular nutritional deficiency secondary to 
a decreased blood flow. Necrosis of cells so 
produced might then lead to increased con- 
nective tissue formation. 

The significance of abnormally large 
quantities of fat in the liver and its rela- 
tion to hepatic fibrosis is not clear from 
studies of liver pathology or from clinical 
observations. Yet an association of fat to 
fibrosis is not easily dismissed. Obese in- 
dividuals, diabetic patients, or indeed 
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alcoholic subjects may have livers contain- 
ing larger than normal quantities of fat for 
long periods without displaying evidences 
of hepatic functional impairment or fibrosis. 
Other alcoholic subjects are less fortunate. 
The fatty livers of such subjects, or of pa- 
tients with kwashiorkor may revert to a 
normal histology following adequate dietary 
treatment, and be free of fat for some time 
before fibrosis becomes apparent. Whether 
a fatty liver will eventually develop fibrosis 
is unpredictable by any known clinical or 
pathologic criteria. 

Whether the development of fibrosis in 
human fatty liver depends upon the mech- 
anism whereby liver fat content is increased, 
the quantity or kind of fat present, the 
rapidity or persistence of fatty change, 
“constitutional predisposition” of the in- 
dividual, or upon other factors is not 
known. Studies of liver pathology have 
produced several explanations for the 
morphologic sequence of events involved in 
the development of fibrosis in livers laden 
with fat, but the specific mechanisms in- 
volved in this sequence and their relation to 
fat in the liver are not understood. 


SATIETY VALUE AND EFFECT ON BLOOD GLUCOSE LEVELS OF LOW 
CALORIE DIETS 


There are undoubtedly many factors 
which influence appetite and the desire for 
food in such a way that obesity occurs. It 
has been possible to study some of these 
factors by experimental procedures in ani- 
mals. For instance, the production of 


| obesity in rats and other animals by in- 
_ jury to the hypothalamus has afforded 


evidence of a center in the central nervous 


_ system which effects control of appetite 
| (Nutrition Reviews 2, 105 (1944); 10, 280 
| (1952)). Similarly, the occurrence of obesity 

in certain strains of laboratory mice has 


demonstrated that genetic characteristics 
are also important (Jbid. 10, 303 (1952)). 
The toxic effects of goldthioglucose may so 


condition energy balance that marked 
weight gain occurs in mice (Jbid. 13, 15 
(1955)). Investigations of metabolic sys- 
tems and of biochemical pathways in the 
various forms of experimental obesity have 
demonstrated certain differences but have 
not provided evidence of a defect in me- 
tabolism common to all forms which would 
adequately explain the evolution of obesity. 
However, it has been proposed that cerebral 
centers determine appetite in response to a 
humoral factor, such as glucose in the blood 
(J. Mayer and M. W. Bates, Am. J. Phys- 
tol. 168, 812 (1952); Nutrition Reviews 11, 
55 (1953); T. B. Van Itallie, R. Beaudoin, 
and Mayer, J. Clin. Nutrition 1, 208 
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(1953)). It is suggested that glucostatic con- 
trol may operate even when alterations in 
blood sugar are within the generally ac- 
cepted normal range and may reside in 
differences in rates of utilization, measured 
in turn by arteriovenous glucose differences. 

J. H. Fryer, N.S. Moore, H. H. Williams, 
and C. M. Young (J. Lab. Clin. Med. 465, 
684 (1955); see also Nutrition Reviews 13, 
259 (1955)) have sought evidence of gluco- 
static control of appetite in 12 obese in- 
dividuals and have attempted to evaluate 
the satiety value of equicaloric reducing 
diets of varied composition. The persons 
studied were young adult men from 19 to 
28 years of age, who were from 10 per cent 
to 47 per cent above ideal body weight and 
in whom there was no evidence of metabolic 
disorders other than obesity. The experi- 
mental group ate all meals at a diet table. 
Four different types of reducing diets were 
afforded and each individual after consump- 
tion of one of these diets for three weeks 
was subjected to metabolic study for one 
day in a metabolic unit. Blood samples 
were taken before breakfast and at eleven 
other times during the day, the last speci- 
men being taken three and one-half hours 
after the evening meal. Meals served on 
the day of metabolic study were compara- 
ble to those given on other days on the 
particular diet. Both venous and capillary 
blood sugar levels were determined at the 
first eight time intervals of the test day, 
while determination of capillary blood sugar 
alone was done on the last four samples. 
The capillary-venous glucose differences 
were calculated and are recorded as A 
glucose. Other investigators had found 
these values virtually identical with true 
arteriovenous glucose differences. 

Each of the four reducing diets afforded 
1800 calories daily. One was referred to as a 
low carbohydrate diet and contained 26 
per cent of calories as protein, 51 per cent 
as fat and 23 per cent as carbohydrate. 
Another was a low fat diet and was made 
up of energy sources derived 26 per cent 
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from protein, 25 per cent from fat and 49 
per cent from carbohydrate. A low protein 
diet afforded 8 per cent protein, 51 per cent 
fat and 41 per cent carbohydrate calories. 
The moderate protein diet supplied energy 
values derived 13 per cent from protein, 51 
per cent from fat and 36 per cent from 
carbohydrate. An individual after consump- 
tion of one of the diets for three weeks was 
then shifted for a further period of three 
weeks to a second type diet. For purposes 
of comparison identical observations were 
made on another group of 8 similarly obese 
persons fed a 3000 calorie diet, with energy 
sources derived 14 per cent from protein, 
35 per cent from fat and 51 per cent from 
carbohydrate. 

The persons participating in these experi- 
ments kept diaries in which daily entries 
were made recording subjective feelings of 
hunger and appetite. Examination of the 
diaries was undertaken in an effort to assess 
the satiety value of the reducing diets and 
to relate sensations of hunger to glucose 
levels in blood or to A glucose. The authors 
record that subjective response as deter- 
mined by this means indicated little differ- 
ence in satiety value of the low carbohy- 
drate and the low fat reducing diet. 
However, the low protein and moderate 
protein diets seemed to afford less satisfac- 
tion and the recorded complaints of hunger 
were more frequent and stronger when the 
subjects were on these diets. Other informa- 
tion is not given, however. In this type of 
subjective evaluation it would be of im- 
portance to consider when in the period of 
weight reduction a given diet was adminis- 
tered. Certainly it would be expected that 
hunger sensations would be greatest early 
in the period of limitation of calorie intake. 
Moreover, for persons in the western world 
it could reasonably be anticipated that 
limitation of protein would be most notable 
in restriction of food energy. That the 1800 
calories of the experimental diets allowed 
for sufficient energy deficit to cause weight 
reduction was demonstrated by the fact 
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that the average loss of weight of the 12 
subjects in nine weeks was 24.7 pounds or 
a rate of weight loss of 2.6 pounds per week. 

The blood glucose levels and response to 
three daily meals of subjects on the various 
diets are recorded in detail and discussed. 
On all diets capillary blood glucose levels of 
fasting subjects were in the range of 82 to 
92 mg. per cent. There was a first rise fol- 
lowing breakfast, a second and _ usually 
higher peak after lunch and highest values 
following supper, this last meal affording 
more calories and greater quantities of 
carbohydrate than either of the earlier 
meals. Although statistical analysis showed 
that variation of levels of capillary blood 
glucose among diets was of significance, 
there was no proven consistent relation- 
ship between mean glucose values and any 
single energy source in the diet. Similar 
analysis of the data relating to venous 
glucose levels failed to demonstrate any 
meaningful relationship with individual 
components of the diet. 

The A glucose values consistently rose 
after meals and fell subsequently. The 
height of the increase after meals bore no 
apparent relationship to the quantity of 
any of the energy-yielding nutrients in the 
diet. However, A glucose as well as capillary 
and venous glucose levels were lowest 
during periods when the low carbohydrate 
diet was consumed. This diet contained a 
high proportion of protein and seemed to be 
as satisfying as any of the reducing diets 
administered. The authors state that very 
low or even negative A glucose values were 
often observed without occurrence of sub- 
jective sensations of appetite or hunger. In 
two instances the opposite conditions were 
noted, 7.e., hunger occurring at a time when 
A glucose was relatively great. 

It is worth noting, also, that capillary 
blood glucose levels of the group of persons 
on the 3000 calorie diet were in the same 
range as those taken from other subjects 
on the 1800 calorie diets. Moreover, the 
postprandial rise was not so great as in 
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certain of the groups on reducing diets. 
These findings are taken as evidence of 
increased tolerance to glucose of persons 
on higher levels of intake. 

One of the purposes of this investigation 
was to bring together information concern- 
ing the satiety value of reducing diets of 
different composition. The observations 
described do not fully establish the differ- 
ences looked for. Although the authors 
conclude that there was marked reduction 
in satisfaction derived from diets with lower 
proportions of protein calories, the data 
are few and represent subjective reactions 
to appetite or hunger which could have 
been influenced by a variety of factors 
other than diet composition. 

There was lack of correlation between 
‘apillary, venous, or A glucose levels and 
the satiety values of the diets. Therefore, it 
is impossible in the results of these investi- 
gations to find confirmation for the gluco- 
static theory of appetite regulation. On the 
other hand the data do not disprove or 
discredit the validity of this concept. In- 
deed, the authors suggest that the humoral 
mechanism controlling appetite may de- 
pend upon other metabolic intermediates 
rather than on glucose levels in blood. 

Two additional observations can be 
made concerning this and other studies of 
similar type. The first one is that obese 
individuals are poor subjects in whom to 
study the normal mechanism of regulation 
of food intake. These patients are known to 
be abnormal as regards intake and often 
unreliable as regards statements concerning 
hunger sensations and food intake. When, 
besides, they are on a reducing diet, one is 
dealing with abnormal subjects in abnormal 
circumstances and findings should be care- 
fully compared with the normal picture. A 
second observation is that there is need, in 
studies of the physiologic aspects of hunger, 
of criteria other than subjective statements. 
Such a criterion is the appearance, intensity 
and persistence of hunger gastric contrac- 
tions (A. J. Stunkard and H. G. Wolff, Fed. 
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Proc. 18, 147 (1954)), which incidentally 
are found to correlate well with carbohy- 
drate utilization. 

The purposes and design of such experi- 
ments are noteworthy because it is only by 
such procedures that information will be 
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Chronic bilateral asymptomatic swelling 
of the parotid gland has been reported from 
time to time in many countries and in 
people of many races, and has been con- 
sidered by some workers (see for example M. 
Fontoynont, Presse méd. 19, 455 (1911); R. 
S. Miller, Am. Med. 31, 211 (1925); R. A. 
McCance, R. F. A. Dean, and A. M. Bar- 
rett, Med. Res. Council Special Report 
Series No. 275 (1951); J. F. Brock, Nutri- 
tion Reviews 13, 1 (1955)) to be associated 
with malnutrition. H. R. Sandstead, C. J. 
Koehn, and 8S. M. Sessions (Am. J. Clin. 
Nutrition 3, 198 (1955)) have recently re- 
viewed the subject and have recorded data 
on the incidence of this condition in the 
United States and in Asia. 

The Americans examined comprised 1094 
adult mental patients (556 male, 538 fe- 
male), aged 18 to 80, and a further group 
of 165 adult patients (69 male, 96 female) 
in three hospitals for American Indians in 
the Southwest. The Asian population com- 
prised some 3168 male subjects, aged 15 to 
53 years; the authors, however, do not say 
in which part of Asia this study was per- 
formed. Parotid gland enlargement was 
found in 3.5 per cent of the group of 1094 
patients (4.3 per cent of the male and 2.7 
per cent of the female patients), in 12 per 
cent of the 165 American Indians (20 per 
cent males, 6.2 per cent females), and in 
11.6 per cent of the 3168 Asians examined. 
The gland enlargement was usually bi- 
lateral and symmetrical. Swollen glands 
were not tender to the touch, and the pa- 
tients were not aware of anything amiss. 
There were no signs indicative of an in- 
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accrued which will bring fundamental new 
knowledge to understanding the physiology 
of obesity in man. Certainly the problem is 
large and of such importance to individual 
and public health that investigators should 
continue with expanded effort in this field. 


THE PAROTID GLAND 


flammatory process, and the mucosa of the 
mouth appeared normal. Ten per cent of 
the Asian group examined had bilateral 
enlargement of the submaxillary glands in 
addition to enlarged parotid glands, but 
this was not observed in the American 
groups studied. 

As a test of parotid gland function, ob- 
servations were made on the thiocyanate 
content of the saliva, and, “‘to the extent 
that thiocyanate concentration reflects func- 
tional activity of the parotid gland, there 
appears to be no difference in individuals 
with enlarged and those with normal 
glands.” Microscopic examination of parotid 
gland sections from 3 Asian and 5 American 
subjects did not show “a common patho- 
logical change which would explain the 
clinical finding of parotid gland enlargement 
in these two groups of patients.”’ 

Sandstead et al. consider that the parotid 
gland enlargement in their Asian group was 
“‘a manifestation of a chronic and possibly 
severe form of malnutrition.”” However, 
although there was a highly significant 
relationship between parotid gland hyper- 
trophy and angular cheilosis and pellagroid 
pigmentation (36.8 per cent incidence when 
both these conditions were present), the 
dietary factor or factors involved were not 
identified. Anemia and calf tenderness 
were similarly associated with parotid 
gland enlargement, and hypoproteinemia 
was another common concomitant finding. 
There was no relationship between the 
condition and the adequacy of ascorbic 
acid and vitamin A nutrition. Enlarged 
glands were found in some 12 per cent of 
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patients in the normal and above normal 
weight range, in 16 per cent of the moder- 
ately underweight, and in 33 per cent of 
the severely underweight subjects. It is 
suggested that the condition as found in 
well nourished members of the American 
groups studied ‘may represent residual 
hypertrophy after recovery from malnu- 
trition’”’; apropos of this, McCance ef al. 
(loc. cit.) observed temporary parotid gland 
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enlargement during the refeeding of re- 
patriated prisoners of war. 

These studies will be of interest to those 
engaged in nutritional surveys of popula- 
tions whose nutritional status is suspect, 
and a high incidence of the type of parotid 
gland enlargement described by Sandstead 
et al. would seem to be yet another yardstick 
by which severity of malnutrition may be 
measured. 


ZINC DEFICIENCY IN PIGS 


Greater attention is being paid to the 
possible significance of the trace metals in 
the production of disease in animals and 
man. The observations of H. F. Tucker 
and W. D. Salmon (Proc. Soc. Exp. Biol. 
Med. 88, 613 (1955)) suggesting that 
certain diets induce zine deficiency in pigs 
are sure to be of general interest to nutri- 
tionists. These workers noted a_ severe 
dermatitis in hogs fed rations the protein 
of which was derived from processed peanut 
meal. In addition the hogs frequently ex- 
hibited diarrhea, vomiting, anorexia and 
weight loss, and sometimes died. The char- 
acteristics of the disease resembled a con- 
dition termed parakeratosis by H. C. H. 
Kernkamp and E. F. Ferrin (J. Am. Vet. 
Med. Assn. 123, 217 (1953)). 

A nutritional cause for this parakeratosis 
in pigs was considered possible from the 
observation that the syndrome developed 
in pigs fed processed vegetable protein in 
dry lot and did not occur in pigs allowed 
access to clover or alfalfa pasture. Tucker 
and Salmon then made a systematic study 
which eliminated a possible deficiency of 
calcium pantothenate, niacin, pyridoxine, 
inositol, biotin, folacin, vitamin By», choline, 
ascorbic acid, vitamins A, D, E and K, 
antibiotics, methionine, lysine, or tryp- 
tophan. 

The mineral components of the diet were 
then investigated. Two basal diets were 
prepared which permitted growth without 


the development of dermatitis. The addi- 
tion of 2 per cent bone meal or 1.5 per cent 
calcium carbonate was followed by the 
development of dermatitis after ten weeks. 
It was suspected that the production of 
lesions by the addition of calcium to the 
diet was due to an imbalance in trace 
metals. A trace metal supplement contain- 
ing iron, manganese, copper, cobalt and 
zinc effectively prevented the occurrence 
of dermatitis. Subsequent experiments dem- 
onstrated that the beneficial effect of the 
combined trace mineral supplement could 
be duplicated by the addition of 0.02 per 
cent zinc carbonate. The therapeutic effect 
of the zine on animals presenting the symp- 
toms of parakeratosis was rapid and dra- 
matic. Within one week there was a great 
increase in appetite, weight gain and de- 
crease in the dermatitis. Complete recovery 
occurred promptly. 

This paper represents a significant ad- 
vance in our knowledge of the nutritional 
significance of trace metals because it de- 
scribes for the first time zine deficiency as 
a spontaneously occurring disease of pigs. 
Previous demonstrations of zinc deficiency 
in animals have been carried out with rats 
and mice using purified diets of very low 
zine content (0.3 to 1.6 parts per million 
(p.p.m.) of zine). In zine deficiency of rats, 
W. R. Todd, C. A. Elvehjem, and E. B. 
Hart (Am. J. Physiol. 107, 146 (1934)) 
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observed retarded growth and alopecia. 
The fact that the diets under discussion 
contained 34 to 44 p.p.m. of zine and the 
manifestations of deficiency only occurred 
after the addition of calcium phosphate 
supplements indicates that the disease is 
produced by an imbalance of minerals 
rather than being a simple deficiency. A 
similar action of calcium phosphate in 
aggravating manganese deficiency in birds 
has been described. The mechanism of the 
action of calcium phosphate remains to be 
determined. Indeed, it is not known which 
of the ions is essential for the aggravation 
of zine deficiency. In view of the relative 


constancy of the blood calcium levels 
despite high calcium intakes it might be 
presumed that the calcium phosphate 


supplements block the absorption of the 
zinc ion rather than competing with zine 
in the body. 

Three factors appear 
produce the disease of 


to combine to 
parakeratosis in 


AMINO ACIDS IN 


Significant progress has been made in 
the past few years in establishing the amino 
acid requirements of growing pigs. The 
essential nature of isoleucine, lysine, methi- 
onine, threonine, tryptophan and valine for 
the pig has been discussed previously (Nu- 
trition Reviews 9, 220 (1951); 12, 68 (1954)). 
Additional studies have established the 
qualitative requirements for arginine, histi- 
dine, leucine and_ phenylalanine. Also, 
studies are now available on the quantita- 
tive dietary requirements of the pig for 
methionine, threonine, leucine and phenyl- 
alanine, as well as estimations of other 
amino acid requirements. 

A total of ten amino acids has been 
shown to be essential in the ration of the 
pig. Although minor differences exist, this 
demonstrates again the well known basic 
similarity of amino acid requirements of 
laboratory animals (rat, mouse, and the 
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hogs: (1) a zine content of the diet which is 
relatively low, (2) increased quantities of 
calcium or phosphate in the diet, and (3) a 
relatively high requirement of the pig for 
zinc. The meager knowledge of the role of 
zinc in the body has been reviewed previ- 
ously (‘Present Knowledge in Nutrition,” 
p. 35, Nutrition Foundation, New York 
(1953)) and does not help to an understand- 
ing of the pathogenesis of parakeratosis. In 
summary, zine has been found in the body 
associated with insulin, carbonic anhydrase 
and uricase, although no disturbance in 
carbohydrate metabolism or in the activity 
of the carbonic anhydrase or uricase in 
zine-deficient rats has been observed. It is 
tempting to speculate that similar mineral 
imbalances may lead to disease in man. A 
number of clinical research centers are 
applying spectrographic methods for the 
study of human mineral-deficiency diseases 
and it is hoped that new frontiers of nu- 
tritional research will be established. 
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chick) and man (Nutrition Reviews 8, 9, 118, 
248 (1950)). 

Most of the studies reviewed have been 
made with weanling pigs (weighing approxi- 
mately 25 to 30 pounds, or more, and 4 or 5 
weeks of age) which have a lower protein 
requirement than the younger “suckling” 
pig. The weanling pig is able to make nor- 
mal gains with as little as 12 per cent of 
well balanced protein in the ration, whereas 
the suckling pig requires 22 per cent or more 
of dietary protein (D. E. Becker, D. E. 
Ullrey, and S. W. Terrill, J. Animal Sci. 13, 
346 (1954)). This difference in protein 
requirement obviously affects the level of 
amino acids required by the two age groups 
on the basis of per cent of the entire diet. 
The levels tend to be more alike when ex- 
pressed in terms of per cent of dietary 
protein. 
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Qualitative Requirements 


Arginine, leucine, phenylalanine and 
valine. The qualitative dietary require- 
ments of arginine, leucine, phenylalanine 
and valine have been studied by E. T. 
Mertz, W. M. Beeson, and H. D. Jackson 
(Arch. Biochem. Biophys. 38, 121 (1952)). 
Weanling Duroc pigs were used which 
averaged 31 pounds each at the start of the 
experiment. Three pigs were used for each 
group. The positive control pigs were fed a 
dry synthetic diet containing 9.15 per cent 
of the ten essential amino acids and 5 per 
cent of diammonium citrate. The deficient 
pigs received the same diet minus the amino 
acid in question. All diets contained (in 
percentages): glucose 48.15, dextrin 25.0, 
mineral mixture 5.2, corn oil 5.0, celluflour 
2.0, liver extract 0.5, an antibiotic, and 
adequate levels of known vitamins. 

The control pigs receiving the ten es- 
sential amino acids gained an average of 
1.21 pounds per day, which is considered 
very good. The pigs deficient in phe- 
nylalanine, leucine and valine either main- 
tained their original weight or slowly lost 
weight in spite of an adequate food intake. 
In contrast, the pigs receiving the diet 
minus arginine gained 0.73 pounds per 
day, demonstrating a requirement for this 
amino acid but suggesting partial synthesis. 
No specific symptoms of deficiency were 
seen in any groups other than reduced food 
consumption and poorer food conversion as 
compared with the controls. Curative ex- 
periments were made which confirmed the 
requirement for these amino acids. 

It is interesting that these workers ob- 
tained what is considered normal growth of 
weanling pigs with an equivalent of only 
11.3 per cent of crude protein (nitrogen X 
6.25) in the diet of the control pigs fed the 
amino acids and diammonium citrate. 

Histidine. Details of experiments demon- 
strating the qualitative dietary requirement 
for histidine for the growth of young pigs 
are now available in a report by R. G. 
Eggert, L. A. Maynard, B. E. Sheffy, and 
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H. H. Williams (/. Animal Sci. 14, 556 
(1955)). Two experiments were conducted 
with 2 week old Yorkshire suckling pigs 
fed experimental liquid rations. The rations 
contained purified amino acids and diam- 
monium citrate as the only nitrogen sources. 
The results of the first experiment were 
inconclusive since all pigs on the amino 
acid diet developed diarrhea. This was 
attributed to the presence of sucrose in the 
feed, since it is known that young pigs do 
not utilize sucrose well (D. E. Becker, D. 
E. Ullrey, 8. W. Terrill, and R. A. Notzold, 
Science 120, 345 (1954)). 

The 6 young pigs in the second experi- 
ment were fed a similar liquid ration 
containing glucose as the principal carbohy- 
drate rather than sucrose. Three pigs fed 
the amino acid mixture plus histidine grew 
at a fairly rapid rate, although not so well 
as pigs fed a stock ration. The three pigs on 
the basal diet not containing histidine had 
a slow growth rate, apparent after six days 
on the experimental feed. After a longer 
period (three to four weeks) these pigs 
became weak and their feed consumption 
was considerably reduced. No other symp- 
toms were noted. 

When the deficiency was clearly evident 
the 3 deficient pigs were given the histidine- 
containing ration which resulted in a 
marked increase in appetite and in growth 
rate. After about one week on this complete 
diet food consumption of the pigs became 
erratic and growth responses irregular. This 
was attributed to digestive disturbances or 
to an undetermined dietary deficiency not 
corrected by histidine. In spite of the poor 
growth of the pigs in the curative experi- 
ments the over-all data were more than 
adequate to demonstrate the 
nature of histidine. 


essential 


Quantitative Requirements 


Methionine and cystine. L. V. Curtin and 
co-workers (J. Nutrition 48, 499 (1952)) 
have studied the methionine requirement 
of pigs. It was reported by these workers 
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that weanling pigs required a total of 0.7 
per cent of methionine activity (including 
cystine) in a ration containing 22 per cent 
of protein. This was equal to 3.2 per cent 
of the dietary protein. Cystine could ap- 
parently be used to replace methionine up 
to at least 1.7 per cent of the protein, or as 
much as about half of the total methionine 
requirement. This value for required total 
methionine activity (0.7 per cent) is slightly 
higher than the value (0.6 per cent) ob- 
tained by D. C. Shelton, W. M. Beeson, 
and E. T. Mertz (see Nutrition Reviews 9, 
220 (1951)). Also, it is considerably higher 
than the estimated value of 0.36 per cent 
obtained by H. H. Williams and co-workers 
by an indirect method of carcass analysis 
(see Ibid. 12, 278 (1954)). 

Becker et al. (J. Animal Sci., loc. cit.) 
have suggested still another indirect method 
for estimation of amino acid requirements 
of pigs. These workers calculated the essen- 
tial amino acid content of a ration contain- 
ing &@ minimum amount of protein (12 per 
cent of protein from milk). The values ob- 
tained have certain recognized limitations, 
but have a definite use in estimating re- 
quirements ‘‘to serve as a guide in future 
investigations.”’ 

By this method Becker and co-workers 
calculated a value of 0.46 per cent of the 
diet for the methionine (with cystine) re- 
quirement of the weanling pig receiving 12 
per cent of protein. This is equivalent to 
3.84 per cent of the dietary protein. 

Threonine. The threonine requirement of 
suckling pigs has been studied by R. F. 
Sewell and co-workers (J. Nutrition 49, 435 
(1953)). The workers used a liquid feed 
composed of soybean protein, an amino 
acid mixture minus threonine, and diam- 
monium citrate as the source of amino acids 
and nitrogen. It was found that the addition 
of 0.9 per cent of threonine to the ration 
containing 25 per cent of protein was 
necessary for maximum growth and feed 
efficiency of pigs of this young age group. 
The value obtained is approximately twice 
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as high as the value (0.4 per cent) obtained 
for weanling pigs by W. M. Beeson, H. D. 
Jackson, and E. T. Mertz (see Nutrition 
Reviews 12, 68 (1954)). On the basis of per 
cent of dietary protein, however, the values 
for threonine requirement are in fair agree- 
ment (3.6 and 3.1 per cent, respectively). 

Leucine. The leucine requirement of 
weanling pigs has been found to be in the 
range of from 1 to 1.25 per cent of the 
ration in studies by R. G. Eggert and co- 
workers (J. Nutrition 63, 177 (1954)). This 
value, determined by the use of a liquid 
purified diet, is in good agreement with 
the values estimated by the indirect 
methods of Becker et al. (J. Animal Sci., 
loc. cit.) and by Williams et al. (loc. cit.) 
(1.18 and 0.92 per cent, respectively). 

Phenylalanine and tyrosine. E. T. Mertz, 
J. N. Henson, and W. M. Beeson (J. Ani- 
mal Sci. 18, 927 (1954)) have found what 
appears to be a relatively low requirement 
of the weanling pig for phenylalanine ac- 
tivity (including tyrosine) as compared 
with other animals (Nutrition Reviews 5, 
180 (1947); 6, 256 (1948)). A dry feed was 
used composed of corn, glucose, nine es- 
sential amino acids, diammonium citrate, 
minerals, liver extract, vitamins and an 
antibiotic. The basal ration contained, by 
calculation, 12.6 per cent of total crude 
protein, 0.23 per cent of phenylalanine, 
and 0.14 per cent of tyrosine. 

Three pigs weighing about 25 pounds 
each were used for each group. They were 
fed the ration containing graded levels 
of phenylalanine for a twenty-eight-day 
period. The pigs fed the basal diet gained 
only 0.55 pounds per day and had low food 
consumption and poor food utilization. As 
with most other amino acid deficiencies, no 
specific symptoms were seen. 

Gains of 0.85 pounds per day were ob- 
tained when a total of 0.46 per cent of 
phenylalanine activity (including tyrosine) 
was present in the ration. Higher levels 
were no more effective and, in fact, were 
reported to have a possible detrimental 
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action. Curative experiments were not 
made. Also, the authors do not try to ex- 
plain why the requirement of the pig for 
phenylalanine appears to be lower than the 
requirement for other animals except to 
say that unpublished experiments with rats 
fed a corn diet gave a similar low value. It 
is possible that the requirement would 
have been higher if a faster rate of growth 
could have been obtained by the correction 
of other possible deficiencies. More work is 
needed in order to establish better the re- 
quirement, especially in light of the values 
of 0.81 and 1.17 per cent estimated by 
Williams et al. (loc. cit.) and Becker et al. 
(J. Animal Sci., loc. cit.) by indirect meas- 
urements. The amount of phenylalanine 
replaceable by tyrosine is unknown at 
present. 

Other amino acids. No values for the 
quantitative requirement of arginine and 
histidine by direct determination are avail- 
able for the pig. Williams et al. (loc. cit.) sug- 
gested 0.91 per cent of arginine and 0.34 
per cent of histidine might be required in 
the ration as estimated from carcass analy- 
ses. Becker et al. (J. Animal Sei., loc. cit.) 
calculated that the requirement of arginine 
and histidine for suckling pigs was not over 
0.6 and 0.58 per cent, respectively, and not 
over 0.4 and 0.33 per cent for weanling 
pigs as determined by the method previ- 
ously described. 

Becker et al. suggested that the lysine 
and tryptophan requirements of weanling 
pigs were less than previous estimations 
(see Nutrition Reviews 9, 220 (1951)). Satis- 
factory performance of the 5 to 9 week old 
pig was noted with only 0.72 per cent of 
lysine and 0.15 per cent of tryptophan in 
the diet as intact protein from milk. Further 
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studies are necessary in order to establish 
the exact requirement. Some of these dis- 
crepancies in requirement values may be 
explained by differences in the level of pro- 
tein used in the various experimental diets. 

From the present available evidence the 
essential amino acid requirements for the 
weanling pig may be summarized as follows, 
in per cent, representing the range of 
values in the literature obtained by direct 
experimentation (or in the absence of suffi- 
cient data values are used as obtained from 
indirect methods): arginine, 0.4 to 0.91; 
histidine, less than 0.34; isoleucine, 0.7; 
leucine, 0.92 to 1.25; lysine, 0.6 to 1.2; 
methionine (including cystine), 0.36 to 0.7; 
phenylalanine (including tyrosine), 0.46 to 
1.17; threonine, 0.4 to 0.61; tryptophan, 
0.15 to 0.2; and valine, 0.4. It should be 
stressed that these estimated values are 
for weanling pigs, rather than for suckling 
pigs, and are only tentative. They are not 
all determined under similar conditions or 
by direct experimental study. It is well 
known that the requirement of amino 
acids is closely related to age of the pig, 
rate of growth, and level of dietary protein, 
antibiotics, and possibly other nutrients 
administered, factors which have not always 
been consistently controlled in these 
studies. 

In spite of the small number of animals 
used in these experiments, and the tenta- 
tive nature of the requirement values, these 
studies lay good groundwork for future 
studies in this field. The experiments repre- 
sent a significant and obvious advance in 
the field of basic animal nutrition. In addi- 
tion to their immediate practical use, the 
studies have indirect application to human 
nutrition research. 


IODINE DEFICIENCY AND GOITER IN MICE 


The association of goiter and iodine 
deficiency is supported by a great mass of 
evidence (W. H. Sebrell, Nutrition Reviews 


8, 129 (1950); see also Ibid. 10, 167 (1952)). 
The incidence of goiter is high in areas of 
the world where the iodine intake is low as 
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estimated by soil, food and drinking water 
analyses. The daily output of urinary iodine 
has been found to be low in the inhabitants 
of areas of endemic goiter; moreover, the 
concentration of iodine in the thyroids of 
individuals in such areas is usually low and 
the administration of small amounts of 
supplementary iodine in the diet has been 
strikingly successful in reducing the inci- 
dence of goiter in iodine-deficient areas. 
The pre-eminent importance of iodine 
deficiency in producing goiter has not been 
unchallenged. Workers such as I. Greenwald 
(J. Clin. Endocrinol. 6, 708 (1946)) have 
argued that certain diets said to be low in 
iodine do not produce goiter and that other 
diets may be effective because they contain 
antithyroid substances rather than because 
of the low iodine content. 

A. A. Axelrad, C. P. Leblond, and H. 
Isler (Endocrinology 56, 387 (1955)) have 
carried out a systematic investigation of the 
low iodine diet of Remington which has 
been widely used in physiologic studies of 
iodine deficiency in animals. They have 
sought goitrogenic components in the 
Remington diet No. 342 which, according to 
their analyses, contains only 1.4 to 8 
micrograms of iodine per 100 g. of diet. 
A comparison was made of the weight, 
radioiodine uptake and histologic appearance 
of the thyroids of mice eating the complete 
diet and following the elimination or sub- 
stitution of various components. It was 
found that the removal of cornmeal, wheat 
gluten, or yeast from the basal diet did not 
decrease the goitrogenicity. In one of three 
experiments in which dried liver powder 
was added to the diet it was found that the 
thyroid glands were larger. Calcium car- 
bonate omitted from the diet or given in 
ten times the normal amount did not 
significantly alter the size of the thyroid. 
The only component which seemed to affect 
the degree of thyroid enlargement of mice 
on the Remington diet was sodium chloride. 
Omission of salt from the diet greatly de- 
creased the size of the goiters. The extent 
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of this decrease was especially marked in one 
experiment with a low sodium diet, in which 
it was found that the left lobe of the thyroid 
weighed 2.3 mg. With the addition of 1 
per cent sodium chloride to the diet the left 
lobe of the thyroids averaged 12.0 mg. in 
weight. 

The influence of sodium chloride intake 
was observed in diets containing varying 
amounts of iodine in a complete experiment. 
The goitrogenic effect of sodium chloride 
was manifest only at the lowest level of 
iodine intake tested (4.1 micrograms per 
100 g. of diet). Not only were the glands 
larger with higher salt intakes but there was 
also an increase in the uptake of radioiodine 
and in the extent of physiologic activity as 
judged histologically. At higher intakes of 
iodine, salt caused slight histologic changes 
without goiter or altered radioiodine avidity. 
It is noteworthy that goiter was present 
even in the absence of additional salt on the 
lowest iodine intakes. 

The results of this painstaking study will 
hardly come as a surprise to most students 
of the thyroid, yet they contribute valuable 
information. The simple conclusion that the 
goitrogenicity of this diet is directly at- 
tributable to the low iodine intake seems 
inescapable. The modification of goitro- 
genicity of the low iodine diet by different 
salt intakes is of considerable theoretic 
importance. The fact that the antagonism 
with sodium chloride can be overcome with 
higher iodine intake is to be compared to 
the action of the thiourea drugs, the goitro- 
genicity of which is not so abolished. It 
would be of interest to learn which half of 
the ion pair (sodium or chloride) is re- 
sponsible for this effect. Conceivably chloride 
could act by competing slightly with iodide 
for the iodide-trapping mechanism or by 
increasing iodide loss from the body. 
Further experiments to clarify this question 
would seem to be indicated. The clinical 
implications of this antagonism in areas of 
borderline iodine intake might bear investi- 
gation. 











r 


de 


on 
cal 

of 
sti- 











Sareea 


Lene hie i nh CAM ae 


1 954| 


These studies, of course, neither confirm 
nor deny the possibility that other human 
or animal diets might contain constituents 
which alter the utilization of iodide. Certain 
low iodine diets which contain casein do 
not produce goiter (A. A. Axelrad and C. P. 
Leblond, Canad. Med. Assn. J. 70, 78 
(1954)). The mechanism of this protective 
action is as yet obscure. There is a vast 
literature also concerning potential goitro- 
genic substances which might block the 
utilization of iodide at various stages of 
synthesis of the thyroid hormone. Certain 
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vegetables of the Brassica (cabbage) family 
have been shown to contain /-5 vinyl-2- 
thiooxazolidone by E. B. Astwood, M. A. 
Greer, and M. G. Ettlinger (J. Biol. Chem. 
181, 121 (1949); Nutrition Reviews 8, 196 
(1950)). This substance is a potent inhibitor 
of the formation of organic iodides in the 
thyroid. The etiologic importance of such 
goitrogenic agents in endemic areas remains 
to be established and the bulk of the evi- 
dence reaffirms the fact that iodine intake 
is the sole or at least the most important 
nutritional consideration. 


CYTOCHROME C AND FATTY LIVERS 


Several laboratories have reported an 
increase in oxygen consumption of liver 
slices during fatty degeneration. This has 
been attributed by some to changes in 
mitochondrial function of fatty livers. It has 
been suggested that these altered mito- 
chondria exhibit an increased oxidative 
rate or that there has been an uncoupling of 
oxidation and phosphorylation. It has been 
claimed that in fatty liver degeneration 
following phosphorus poisoning in the 
rabbit, there is a marked increase in the 
cytochrome c content of the affected livers. 
M. U. Dianzani and I. Viti (Biochem. J. 
59, 141 (1955)) have examined this problem 
in some detail. They criticize the methods of 
cytochrome c determination used in earlier 
studies and furnish evidence of their in- 
adequacy. 

Fatty degeneration of the liver was in- 
duced as follows: administration of carbon 
tetrachloride to rats for periods up to sixty 
days; administration of phosphorus in oil 
to rats for periods up to four days, and 
administration of phosphorus in oil to 
rabbits for periods up to six days. Cyto- 
chrome c was then determined by standard 
methods on whole liver tissue, as well as 
on its component parts, the nuclear fraction, 
mitochondria, microsomes and supernatant. 
In addition, the nitrogen content and the 


total lipids of whole liver and its fractions 
were determined. The cytochrome c of 
normal liver was distributed as follows: 25 
per cent in the nuclear fraction; 48 per cent 
in mitochondria; 16 per cent in microsomes 
and 11 per cent in the supernatant. Both 
the carbon tetrachloride administration and 
the phosphorus feeding caused an increase 
in liver lipids, along with a decline in 
cytochrome c content per milligram of 
nitrogen. In general, the mitochondria of 
fatty livers contained less cytochrome c, 
while more was found in the supernatant. 
This suggested that the cytochrome c¢ in 
fatty livers was less firmly bound to the 


mitochondria. To test this possibility, 
isolated mitochondria from normal and 


from fatty livers were incubated and their 
release of cytochrome c determined. It was 
found that the mitochondria from fatty 
livers released their cytochrome c¢ at a 
significantly faster rate than did the mito- 
chondria from normal livers. 

It seems clear from this work that the 
increased oxygen uptake of fatty livers can- 
not be explained on the basis of changes in 
cytochrome ¢ concentrations. While enzymes 
are the catalytic agents of cellular metabo- 
lism, changes in the rate of metabolic 
processes may be due to a variety of factors 
other than enzymes. 
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HIGH ALTITUDE AND 


The recent Pan American games held in 
Mexico City emphasized the difficulties that 
people living at sea level experience when 
they move to a high altitude. When con- 
templating such a transition one is likely 
to inquire about the things that can be done 
to facilitate the adjustment. 

It has been known for a long time that 
when people move to a high altitude their 
hemoglobin levels increase considerably 
above normal values. One might wonder 
whether iron supplements would aid in the 
formation of the extra hemoglobin during 
the period of adaptation. In order to answer 
this question D. Criscuolo, R. T. Clark, 
and R. B. Mefferd (Am. J. Physiol. 180, 215 
(1955)) studied the effect of iron supple- 
ments on rats. They placed 200 weanling 
rats on a milk diet supplemented with 
manganese and copper. One half of the 
animals received 0.04 mg. of iron (as ferric 
chloride) per day, while the rest received 
0.4 mg. After six weeks on the diets the 
animals receiving the lower iron supplement 
showed a reduction in hemoglobin from 14.5 
to 12.5 g. per cent. At this time one half of 
the animals in each of these groups was 
exposed twenty-two hours each day to a 
simulated altitude of 20,000 feet. 

During the six weeks exposure to low 
barometric pressure there was no difference 
in the survival rates of animals on the high 
and the low iron supplements (46 per cent 
survival versus 50 per cent). The hemoglobin 
level in the high iron group increased from 
14.2 g. to 18.6 g. per cent at the end of the 
exposure period. The hemoglobin level in 
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IRON SUPPLEMENTS 


the low iron-fed rats increased from 12.5 to 
13.8 g. per cent during the same time. The 
hematocrit of the rats on the high iron 
supplement increased from 45.1 per cent to 
63.4 per cent; the change for the low iron 
group was from 40.7 per cent to 50.1 per 
cent. The body weight of the rats on the 
high iron supplement decreased from 128 to 
120 g. during the exposure period. The body 
weights of the rats on the low iron supple- 
ment remained stationary at 123 g. 

This study points out, as have others 
previously, that an increase in hemoglobin 
concentration is not of paramount im- 
portance in acclimatization to high altitudes. 
Actually, there is some work which indicates 
that men who have hemoglobin levels in 
the lower normal range are better able to 
adjust to high altitudes than those with 
high levels (A. Keys, B. H. C. Matthews, 
W. H. Forbes, and R. A. McFarland, Proc. 
Roy. Soc. (London) B 126, 1 (1938)). The 
work of Criscuolo and co-workers (loc. cit.) 
further emphasizes the fact that a dietary 
supplement of iron, at least in rats exposed 
to simulated altitudes of 20,000 feet, is of 
no significance in improving adaptation or 
survival under these conditions. 

The effect of high carbohydrate meals in 
improving the psychomotor performance of 
young men exposed to a simulated altitude 
of 17,000 feet has been known for some 
years (Nutrition Reviews 4, 60 (1946)). 

Although the above situation may hold 
for animals, it might be desirable to test the 
effect of iron supplements and other hema- 
topoietic factors upon man’s ability to 
adjust to high altitudes. 


INHIBITION OF CHOLESTEROL FORMATION 


Although the synthesis of cholesterol from 
acetate is well established, there is still little 
evidence of the effect of nutritional factors 
on this synthesis. The effect of vitamin A 


deficiency and of starvation on cholesterol 
formation by rat liver homogenates has 
been studied by B. B. Migicovsky (Canad. 
J. Biochem. Physiol. 33, 135 (1955)). Rat 
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liver homogenates were incubated at 37° C. 
under an atmosphere of oxygen. They were 
supplemented with ATP and DPN. Acetate 
labeled with C™ served as starting material 
for the synthesis of cholesterol. The total 
steroid in the preparation was isolated as the 
digitonide and its C™ content was deter- 
mined. 

It was found that homogenate prepared 
from normal livers incorporated significant 
quantities of labeled acetate into cholesterol. 
On the other hand, homogenate prepared 
from livers of vitamin A-deficient rats or 
from normal rats fasted forty-eight hours 
prior to killing did not incorporate labeled 
acetate into cholesterol. In another experi- 
ment, mixtures of homogenates were tested 
for their ability to convert acetate into 
cholesterol. A mixture of three parts of 
homogenate from normal rat liver and one 
part of homogenate from vitamin A-deficient 
rats or from starved animals showed 
drastically reduced C™ incorporation into 
cholesterol. In an effort to localize the 
nature of the inhibitory action, the several 
homogenates were centrifuged at 13,500 
rpm and divided into supernatant and 
residue. Both the supernatant and the 
residue from livers of vitamin A-deficient or 
starved animals when added to normal 
homogenate caused inhibition of cholesterol 
formation from acetate. In general, the 
effect of the residue was greater than that 
of the supernatant. It is disturbing to note 


that the supernatant and the residue pre- 
pared from normal livers caused some 
inhibition of cholesterol synthesis. In still 
another experiment it was shown that 
supernatant from normal liver tissue cata- 
lyzed cholesterol formation at a relatively 
low rate. This activity could be enhanced 
by adding residue from normal liver homo- 
genate. However, none of the combinations 
used restored acetate incorporation com- 
pletely to normal. Adding residue from 
livers of starved animals to normal super- 
natant did not enhance cholesterol synthesis, 
but rather seemed to inhibit it. 

Migicovsky concluded that livers of 
vitamin A-deficient or fasted animals con- 
tain a substance capable of inhibiting the 
incorporation of acetate into cholesterol. As 
a possible alternative there may be a factor 
accelerating the degradation of newly formed 
cholesterol. He considers it likely that the 
inhibitory effect noted in vitamin A-de- 
ficient livers was due to inanition. Since 
the only evidence in support of this state- 
ment is the finding that livers of starved 
animals behaved like livers of vitamin 
A-deficient animals, the conclusion must be 
considered to be somewhat tentative. In 
view of the considerable variability in con- 
trol values, it is unfortunate that no in- 
formation is given as to the number of 
animals employed in the study. Nor has 
any attempt been made to analyze the data 
in a statistical fashion. 


NIACIN AND ANTINIACIN ACTIVITY OF 3-ACETYLPYRIDINE 


Compounds with antiniacin activity have 
been relatively little studied and those which 
have been reported to have this activity 
have not been so useful or their action so 
clear-cut as have certain other antivitamins, 
desoxypyridoxine, for example. D. W. Wool- 
ley, F. M. Strong, R. J. Madden, and C. A. 
Elvehjem (J. Biol. Chem. 124, 715 (1938)) 
reported 3-acetylpyridine to be toxic for dogs 
with blacktongue but nontoxic for normal 


animals at the same dose. Later Woolley 
(Ibid. 157, 455 (1945)) found that mice fed 
this compound (3-AP) developed symptoms 
resembling niacin deficiency which were re- 
versible with niacin or tryptophan adminis- 
tration (Woolley, bid. 162, 179 (1946)). 
However, O. H. Gaebler and W. T. Beher 
(Ibid. 188, 343 (1951)) showed that in both 
normal and niacin-depleted dogs the ad- 
ministration of 3-AP produced increases in 
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the urinary excretion of N-methylniacin- 
amide, presumably by metabolism to niacin 
prior to methylation and excretion. Later 
Beher, W. M. Holliday, and Gaebler (/bid. 
198, 573 (1952)) showed that the N-methyl- 
niacinamide (NMN) did originate from the 
3-AP administered by marking the latter 
compound with a carbon isotope and recov- 
ering the marker in the NMN. E. G. Me- 
Daniel, J. M. Hundley, and W. H. Sebrell 
(J. Nutrition 55, 623 (1955)) have extended 
the studies which show that this compound, 
3-AP, apparently has both niacin and anti- 
niacin activity, the predominant action ap- 
parently depending upon the state of the 
niacin nutrition of the dog. 

Various amounts of niacinamide and 3-AP 
were administered to normal dogs and the 
increase in NMN in the urine was measured. 
From these studies it appeared that it took 
about eight times as much 3-AP as niacin- 
amide to produce the same increase in NMN. 
On a molecular basis 3-AP was one-sixth as 
active as niacinamide. In dogs which had 
been upon a niacin-deficient corn diet for 
600 days but which showed no signs of black- 
tongue, and in 2 dogs with blacktongue, the 
tests were repeated. Niacinamide produced 
the expected large increase in NMN, but no 
increase followed the administration of 3-AP 
in any of the 4 dogs. The blacktongue was 
cured by either niacin or 3-AP. When 2 dogs 
with blacktongue were treated with 30 mg. 
of 3-AP for eighteen to twenty-six days there 
were only small increases in NMN excretion, 
although the blacktongue was cured. Simi- 
larly, when dogs were started upon the defi- 
cient diet and given 3-AP daily, the excre- 
tion of NMN gradually declined to very low 
levels. Thus it appears that animals upon a 
niacin-deficient diet lose their ability to con- 
vert the analogue to niacin. 

Several dogs were started upon the defi- 
cient diet and given 260 mg. of 3-AP daily. 
Two showed marked toxicity symptoms and 
died within forty days; one showed some 
symptoms which disappeared when 3-AP 
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was removed from the diet on the fifty-first 
day and developed blacktongue 119 days 
later. The other 3 dogs showed no symptoms 
of toxicity and did not develop signs of 
blacktongue over a year’s time. Two of these 
developed the disease shortly after the drug 
was removed from the diet. Various other 
experiments are reported which demonstrate 
that from 25 to 260 mg. of 3-AP will protect 
many dogs over long periods against black- 
tongue. 

In several attempts to cure blacktongue 
the authors were successful in eight out of 
eleven trials using 25 to 60 mg. doses. Toxic 
symptoms were observed even in some of the 
animals cured. Various animals which had 
tolerated doses of 260 mg. for long periods 
died from a dose of this amount or less after 
blacktongue developed. Niacinamide pre- 
vented the development of toxic symptoms, 
but once the symptoms developed this ther- 
apy was ineffective. 

The increased susceptibility of niacin-defi- 
cient animals to 3-acetylpyridine is to be ex- 
pected, since the action of antimetabolites is 
usually explained upon a competitive basis 
and depends upon the amount of the vitamin 
present as well. 3-AP presumably acts after 
entrance into the coenzyme, since N. O. 
Kaplan and M. M. Ciotti (J. Am. Chem. Soc. 
76, 1713 (1954)) have shown that it may 
exchange for niacinamide in the DPN (di- 
phosphopyridine nucleotide) molecule with 
DPNase, and this modified coenzyme had 
much reduced activity in the system tested. 
However, the action of 3-AP may be more 
complicated, since W. T. Beher, S. P. Mar- 
fey, W. L. Anthony, and O. H. Gaebler (J. 
Biol. Chem. 206, 521 (1953)) have presented 
evidence which indicates that DPN and 
TPN (triphosphopyridine nucleotide) may 
be required for the reaction which converts 
3-AP to niacin. Thus in the deficient dog the 
mechanism for the conversion is presumably 
limiting and this may be further reduced 
since the substrate of the reaction is an in- 
hibitor of the reaction itself. 
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COPROPHAGY IN THE RABBIT 


Coprophagy, the habit of eating excre- 
ment, is not uncommon among many ro- 
dents. In the case of the rabbit the eating of 
fecal matter has been stated to represent an 
unusual physiologic habit with peculiarities 
that imply a relation to the normal function- 
ing of the digestive system. Thus, the ob- 
servation that excreta of the rabbit are rep- 
resented by both hard and soft feces (of 
which only the soft form is re-circulated 
through the digestive system) has been re- 
ported by a number of investigators to be an 
unusual digestive phenomenon. 

Some recent reports have indicated that 
there are real differences in composition be- 
tween the soft and hard types of rabbit feces. 
The former is reported to contain higher con- 
centrations of B-vitamins than the latter (A. 
Scheunert and K. Zimmermann, Arch. f. 
Tierernéhrung 2, 217 (1952); R. Kulwich, L. 
Struglia, and P. B. Pearson, J. Nutrition 
49, 639 (1953)). 

Recently workers at the U.S. Plant, Soil, 
and Nutrition Laboratory, Ithaca, New 
York, have examined the nutritional effects 
of preventing coprophagy in rabbits fed 
either a roughage diet or a purified diet (E. J. 
Thacker and C. S. Brandt, J. Nutrition 56, 
375 (1955)). The roughage diet had the fol- 
lowing percentage composition: cerelose, 19; 
dehydrated grass, 75; corn oil, 5; and salt, 1. 
The purified diet was made up as follows 
(in per cent): crude casein, 25; dextrin, 46.8; 
hydrogenated vegetable oil, 8; corn oil, 2; 
ruffex, 10; mineral mixture, 5; trace min- 
erals, 0.1; and a supplement of fat- and 
water-soluble vitamins, 3.1. 

Four week old Dutch rabbits in three 
groups of 4 were paired. One pair of each 
group received the roughage diet while the 
other pair was fed the purified diet. At 14 
weeks of age one of each pair was placed in a 
stanchion to eliminate coprophagy. After 
thirty days the animals were reversed so 
that the experiment provided information on 


all animals under both normal and stan- 
chioned conditions. 

In animals that consuming the 
roughage diet and prevented from eating 
feces (stanchioned), the excretion of hard 
and soft feces was observed to be a consist- 
ent daily phenomenon, both as to time and 
quantity. Soft feces were eliminated at night 
and hard feces during the day. The purified 
diet yielded feces that were difficult or im- 
possible to differentiate into hard and soft 
fractions. 


were 


For several days after removal of the stan- 
chion the quantity of total fecal matter was 
observed to be considerably decreased from 
normal, possibly a reflection of an increased 
fecal consumption. 

The effect of coprophagy in relation to the 
apparent digestibility of nutrients and to the 
retention of nitrogen was again influenced by 
the type of diet fed. For example, on the 
roughage diet stanchioned rabbits digested 
35 per cent less protein than normal animals, 
whereas only a 7 per cent decrease in appar- 
ent digestibility of the protein was observed 
in stanchioned animals on the purified diet. 
On both types of diets nitrogen retention 
was reduced from an average of 32 mg. per 
day under normal conditions to an average 
of 19 mg. per day under stanchioned con- 
ditions. 

Apparently digestibility of cellulose was 
adversely affected by stanchioning only in 
the case of the rabbits fed the purified diet. 
Stanchioning decreased apparent ash diges- 
tion on both diets, whereas the digestibility 
of carbohydrates other than cellulose was 
not influenced. 

Since it was impossible to distinguish be- 
tween soft and hard feces when the purified 
diet was fed, separate fecal composition data 
were obtained only for animals on the rough- 
age diet. Soft feces contained approximately 
one-half the concentration of cellulose found 
in the hard feces. In contrast, protein, ash, 
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and carbohydrates other than cellulose were 
present in higher concentration in the soft 
feces than in the hard feces. 

Although other workers have observed the 
differences in composition of the soft and 
hard feces, Thacker and Brandt sought an 
explanation of these differences in terms of 
passage of ingesta through the intestinal 
tract. Basing their opinion on observations 
of intestinal activity in laparotomy experi- 
ments, they concluded that the hard fecal 
pellets in normal rabbits represented diges- 
tive tract contents that in effect by-pass the 
cecum. Soft fecal matter in the normal rab- 
bits represented that portion of digestive 
tract contents that is forced toward the blind 
end of the cecum. The separation is ex- 
plained as dependent upon a segmented con- 
traction of the spiral muscle of the cecum 
which forces part of the intestinal contents 
entering through the ileocecal valve in the 
direction of the colon, the remainder into the 
blind end of the cecum. 

In accord with these observations Thacker 
and Brandt assumed the difference in com- 
position between soft and hard feces could 
be explained as arising from a secretion into 
the cecum from the cecal wall or appendix. 
Considering the composition differences, 
such a secretion could be largely mucoidal 
in nature, since the increase in protein con- 
centration of the fecal matter was greatest, 
with lesser increases in lipids and minerals. 
Consistent with such an explanation was the 
dilution in concentration of lignin and cellu- 
lose in the soft feces. 


REPRODUCTION ON 
M. O. Schultze (J. Nutrition 49, 231 
(1953)) has previously reported a very high 
mortality in the young of rats raised upon 
vegetable diets containing a highly purified 
soybean protein. Various materials, includ- 
ing crude soybean meal and “‘vitamin-free 
casein,’ were eurative. With such prepara- 
tions ten generations of animals were ob- 
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It thus appears that the decrease in ap- 
parent digestibility and the lowered nitrogen 
retention observed in stanchioned animals 
represents a greater metabolic-fecal nitrogen 
loss that the rabbit normally regains by con- 
suming the soft feces. Thacker and Brandt 
have presented some convincing evidence 
that coprophagy has a profound influence on 
the utilization of nitrogen in the rabbit. 
Whether the increase in fecal nitrogen asso- 
ciated with prevention of coprophagy actu- 
ally represents endogenous nitrogen (secre- 
tion from cecal wall), or an accumulation of 
feed-residue nitrogen through bacterial ac- 
tion remains to be determined. 

Another recent paper has touched upon 
the possible functional role of the cecum in 
rabbits (E. L. Hove and J. F. Herndon, J. 
Nutrition 65, 363 (1955)). These investiga- 
tors noted that the rabbit has an unusually 
high requirement for dietary potassium (over 
0.6 per cent of the diet, contrasted with a 
requirement of 0.18 per cent for the rat). To 
exclude the possibility that this high amount 
of dietary potassium was needed for the 
nutrition of bacteria in the cecum they re- 
moved the cecum of 2 rabbits. These ani- 
mals suffered drastic weight losses on potas- 
sium-low diets, and the response to a diet 
containing 0.4 per cent of potassium was 
negative while a diet containing 0.8 per cent 
effected recovery. It was of interest that the 
rabbit could grow in the absence of the 
cecum even though the diet contained 10 
per cent of fiber. 


ALL-VEGETABLE DIETS 


tained upon diets free of all products of ani- 
mal origin. A group of Italian investigators 
(M. Piccioni, A. Rabbi, and G. Moruzzi, 
Boll. Soc. Ital. Bio. Sper. 26, 1564 (1950); 
Science 113, 179 (1951)), have described a 
high mortality in infant rats from mothers 
receiving a diet containing a mixture of 
wheat, maize, barley, oats and rye supple- 
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mented with wheat germ, calcium lactate, 
sodium chloride and 5 per cent of exhaus- 
tively washed casein, as well as twice-weekly 
supplements of fresh vegetables and dried 
yeast. They concluded the diet was deficient 
in a water-soluble, heat-stable ‘animal pro- 
tein factor.” Various histologic abnormali- 
ties of the young from these mothers were 
described, and more recently (Rabbi, Pic- 
cioni, A. Dina, and Moruzzi, Boll. Soc. Ital. 
Bio. Sper. 29, 325 (1953)) the occurrence of 
alopecia and neoplasms in older animals has 
been reported. 

J. E. Gander and M. O. Schultze (J. Nu- 
trition 65, 543 (1955) have described the re- 
sults of additional work on the possible ex- 
istence of an “animal protein factor.’’ One of 
the diets (MCC) used was similar to that of 
Piccioni et al., as far as the cereal component 
was concerned, but was supplemented with 
all known vitamins and a standard mineral 
mixture. The other diets (OC) were similar 
except that all of the cereal was rolled oats. 
Four different leached casein preparations 
were tested. Most of the studies were carried 
out for three or four generations. 

The specific results of each of these experi- 
ments cannot be detailed. On the MCC diet 
the growth was rather poor, but with crude 
casein in the diet the preweanling infant 
mortality was not particularly high (8 per 
cent) in the F, generation. When leached 
casein was used the mortality prior to wean- 
ing was 35 per cent in the F, generation and 
increased to 69 per cent in the F, generation. 
There appeared to be no difficulties in ob- 
taining pregnancies or in parturition. The 
dams seemed to have sufficient milk during 
the first few days, but most of the young died 
very shortly thereafter. 

With the OC rations the animals grew 
better and studies were more extensive. Al- 
though some diets produced a high infant 
mortality there was not a consistent increase 
with succeeding generations, as would be ex- 
pected if it were a matter of depleting the 
dam of a store of some unknown factor. 

The authors conclude that certain all- 


vegetable diets containing all known nu- 
trients are inadequate but that the condi- 
tions necessary to demonstrate this are only 
empirically defined. The conclusion of Pic- 
cioni et al. that an “animal protein factor” 
is required seems premature and not war- 
ranted by the evidence. Some animal prod- 
ucts supply the unknown factor, but the 
work of Schultze does not suggest that the 
factor is characteristically of animal origin. 
Whether one factor or several are involved 
remains to be studied. Advancement in the 
field will clearly depend upon the develop- 
ment of a satisfactory assay method. 

M. O. Schultze (J. Nutrition 65, 549 
(1955)) has also reported studies on repro- 
duction using purified diets containing amino 
acids in place of casein so that they were free 
of all protein. One amino acid mixture was 
patterned after that of W. C. Rose and L. C. 
Smith (J. Biol. Chem. 187, 687 (1950)), 
which was composed of only the ten essen- 
tial amino acids and ammonium citrate and 
gave fairly good growth in postweanling 
rats. The second mixture was that of B. S. 
Schweigert and B. T. Guthneck (J. Nutri- 
tion 49, 277 (1953)). This contained the ten 
essential amino acids and six nonessential 
amino acids rather than ammonium citrate. 
The data from the various experiments show 
that with the first amino acid mixture at an 
8 per cent level plus 5.1 per cent ammonium 
citrate there was poor growth, a subnormal] 
number of young per litter, a high infant and 
maternal mortality, and very poor growth 
in the young. Survival of the young was im- 
proved by isoleucine supplements. Thus the 
amino acid mixture of Rose and Smith de- 
vised for growing rats appears somewhat de- 
ficient for reproduction. When the level of 
the essential amino acids was increased to 16 
per cent of the diet, maternal and infant 
mortality was much improved, although the 
weanling weight of the young was still low. 
The weight at weaning appeared to be at 
least partially due to insufficient or abnormal 
milk. 
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The second amino acid mixture contain- 
ing 16 amino acids, and less of all the essen- 
tial amino acids with the exception of argi- 
nine, leucine and isoleucine than the other 
mixture, appeared to be the superior mix- 
ture. Practically all of the young survived 
until weaning, although the weanling weight 
was again subnormal. 

It should be emphasized that the num- 
ber of animals used was relatively small. 
Whether the difficulties encountered are ex- 
plicable in terms of amino acid imbalance or 


REVIEWS |October 
inadequacies of the mixtures is unknown. 
When half of the amino acids were replaced 
by purified soybean protein the reproductive 
performance was improved. Studies with 
liver concentrate supplements were less ef- 
fective and again do not suggest the impor- 
tance of an ‘animal protein factor.”’ The 
studies in this difficult and rather neglected 
field are encouraging. Arguments or dogma- 
tism over nomenclature or sources of un- 
known nutritional factors, if such are in- 
volved, are likely to be unfruitful. 


EFFECT OF MILK DIET ON LIFE SPAN 


Workers at Cornell University have re- 
ported that feeding rats a diet consisting 
only of pasteurized cow’s whole milk supple- 
mented with traces of iodine, manganese, 
copper, iron, and a small amount of cod liver 
oil resulted in a life span similar to that pro- 
duced by feeding a complex stock diet (C. 
M. McCay et al., J. Gerontol. 7, 161 (1952)). 
A comparison of the animals at death indi- 
‘ated that the milk-fed rats had denser 
bones, somewhat more calcification in the 
soft tissue of the kidneys, and no sign of 
tooth decay. A more recent study by this 
group investigated the effects of whole milk, 
or whole milk diets supplemented with su- 
crose, on life span and on tooth decay (G. 
Sperling et al., J. Nutrition 55, 399 (1955)). 

Mineral- and cod liver oil-supplemented 
pasteurized milk was used in the following 
test diets: (1) milk alone; (2) milk containing 
10 per cent of dissolved sucrose; (3) milk 
with free access to dry sucrose; (4) milk plus 
a 10 per cent solution of glucose; (5) stock 
diet (a dog-food formula built around meat 
scraps, corn flakes and wheat flour as the 
principal ingredients); and (6) the stock diet 
supplemented with 10 per cent by weight of 
cooked dried whole eggs. 

Milk containing dissolved sucrose pro- 
duced a significant effect on body weight in 
both males and females (bred or virgin). 
Male animals receiving this diet attained an 


average maximum body weight of 576 g., 
contrasted with average maximums between 
367 and 468 g. for the remaining groups (20 
animals per group). Whereas mean body 
weight was usually observed to decrease in 
old age, the group receiving milk with dis- 
solved sucrose continued to increase in body 
weight throughout life. 

Sucrose fed in any form (dissolved in milk, 
dissolved separately, or dry) produced sig- 
nificantly heavier animals than the diets not 
containing added sucrose. The maximum 
body weights among male animals on the 
egg-supplemented diet were significantly 
lower than those of males fed any of the 
other diets. 

With respect to longevity, rats fed diets 
4 and 6 (milk plus separate sucrose solution 
and stock diet plus dried egg) lived longer 
than those fed the other diets. Males had a 
significantly shorter life span when fed the 
milk with dissolved sucrose (diet 2) than 
when fed any other diet. The overweight fe- 
males of group 2 likewise tended to have a 
shorter life span. 

Years of tedious repetition are usually 
considered the necessary experimental ap- 
proach for answering diet effects on life span. 
However, the present results confirm the 
earlier Cornell results in that rats fed whole 
milk with trace supplements have the same 
life span as those fed complex stock diets. 
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The present data also confirm many earlier 
observations that the female outlives the 
male (male range of length of life for all 
groups was 520 to 720 days and female range 
was 619 to 780 days). The long-continued 
consumption of a high cholesterol diet (stock 
diet plus dried eggs) did not have any influ- 
ence on life span, an observation that is of 
special import in view of the wide interest at 
present in the effects of dietary cholesterol 
on the vascular system. 

Earlier observations were confirmed in 
that females had denser bones in old age 
than did males. Although the stock diet sup- 
plied a higher concentration of calcium than 
did the milk diets, the latter produced ani- 
mals with denser bones in old age. 

Females consumed more 
sugar when given a choice of milk and dry 
sucrose or milk and dissolved sucrose than 
did the males. Results further indicated that 
taste for sugar did not decline with age. 
Since the total calories consumed per unit 
of body weight, throughout adulthood, re- 
mained constant, it would appear that the 
basal metabolism of rats does not decline in 
old age as is the case in man. 

None of the animals of groups 1 or 2 (milk 
diet or milk containing dissolved sugar) had 


consistently 


VITAMIN E AND 


A dietary deficiency of vitamin E has long 
been associated with reproductive disturb- 
ances in animals. Later it was shown that 
vitamin E was necessary for the prevention 
of muscular dystrophy in some species (Nu- 
trition Reviews 4, 324 (1946); 13, 235 (1955)). 

A few years ago, J. M. Young and J. 8. 
Dinning (J. Biol. Chem. 198, 743 (1951)) 
secured evidence that vitamin E might be 
associated with nucleic acid metabolism. 
They found that when rabbits weighing 1200 
g. were placed on a purified diet containing 
3 per cent cod liver oil (this oil destroys vita- 
min E in the diet; see Nutrition Reviews 8, 
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any tooth decay at the time of death. Sixty 
per cent of those fed milk plus dry sugar had 
severe tooth decay while 36 per cent of those 
fed milk plus dissolved sugar (group 4) had 
moderate tooth decay. Slight decay was 
noted in 12 and 7 per cent of the animals in 
groups 5 and 6, respectively. The influence 
of separately consumed sugar in increasing 
tooth decay is in confirmation of results ob- 
served in cotton rats (E. P. Anderson, J. K. 
Smith, C. A. Elvehjem, and P. H. Phillips, 
Proc. Soc. Exp. Biol. Med. 66, 67 (1947)). 

The often-raised question of the possible 
influence of poor tooth condition on life span 
was not affirmed by the data. The life span 
of rats consuming milk and dry sugar was 
688 days for those exhibiting severe tooth 
decay and 687 for those that had no tooth 
decay. 

All rats at the end of life suffered from 
severe disease conditions of the lungs and 
ears but no special pathology could be re- 
lated to the diets. 

Auxiliary information can often be gained 
from studies such as these, represented by 
the tooth decay data in the Cornell study. 
Of particular interest is the yet unsolved 
question of why sucrose is less damaging to 
the teeth when dissolved in milk than when 
fed separately. 


NUCLEIC ACIDS 


204 (1950); 11, 241 (1953)), there was an 
increase in allantoin excretion after about 
fifteen days. By the twenty-fifth day, the 
excretion of allantoin was three to eight 
times that during the first five days on the 
diet. The rabbits on the diet supplemented 
on alternate days with 4 mg. of alpha- 
tocopherol acetate per kilogram of body 
weight showed a gradual decrease in allan- 
toin excretion throughout the experiment. 
Supplementation of the deficient diet with 
vitamin E promptly reduced the urinary 
allantoin levels to normal. (Allantoin is the 
primary urinary degradation product of 
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purines in most mammals other than man 
and the Dalmatian coach dog, and is formed 
from uric acid through the action of the en- 
zyme uricase.) Urinary creatine excretion 
in the deficient rabbits paralleled the allan- 
toin excretion. 

The vitamin E deficiency in the rabbit was 
associated with an increased level of both ri- 
bonucleic and desoxyribonucleic acids in the 
muscles. There was, however, no significant 
change in the concentration of these com- 
pounds in the liver. 

According to Young and Dinning, the in- 
creased allantoin excretion was not due to 
the body weight loss experienced by the 
rabbits on the vitamin E-deficient diet. 
Although the vitamin E-deficient rabbits 
lost 20 per cent of their weight, the increased 
allantoin excretion would be equivalent to 
the nucleic acids in approximately one 
kilogram of skeletal muscle. Since the latter 
was much more than the weight lost by the 
rabbits, Young and Dinning (loc. cit.) sug- 
gested that a vitamin E deficiency in the 
rabbit is associated with an increased turn- 
over of nucleic acids. 

Work along the above line has been con- 
tinued by J. S. Dinning (J. Biol. Chem. 212, 
735 (1955)). He fed rats a diet containing 
only small amounts of vitamin E (that pres- 
ent in 8 per cent lard and 2 per cent cod 
liver oil). Another group of rats received the 
same diet plus oral supplements of alpha- 
tocopherol acetate. After five months on this 
diet the control animals weighed 378 g., 
while the deficient animals weighed 336 g. 
Whether this difference is significant is im- 
possible to say, since only average values 
are given. At this time urinary excretion of 
creatine and allantoin by the deficient 
animals was approximately twice that of 
their controls. There was, however, no dif- 
ference in the creatinine excretion. 

When a solution of sodium C"*-formate 
was injected, the proteins in the liver and 
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the skeletal muscles in both the control 
and deficient animals incorporated approx- 
imately the same amount of C'*. The con- 
centration of nucleic acid phosphorus in the 
liver and the skeletal muscles was unchanged 
by vitamin E deficiency. There was, how- 
ever, a 20 per cent reduction in nucleic acid 
phosphorus of the small intestine in the 
vitamin E-deficient rats. Although the report 
states that the reduction in nucleic acid 
phosphorus in the intestine was not sig- 
nificant, it is in line with a 7 per cent re- 
duction of C" incorporation into the nucleic 
acids of the vitamin E-deficient animals. 
The incorporation of formate into the nucleic 
acids of liver and the skeletal muscles was 
essentially doubled in the vitamin E-deficient 
animals. This increased incorporation of 
formate into nucleic acids in the liver and 
skeletal muscles of vitamin E-deficient rats 
was interpreted by Dinning as a reflection 
of an increased turnover rate of nucleic acids. 
His work does indicate the possibility that 
vitamin E may be of specific importance in 
the metabolism of cell nuclei which contain 
large amounts of nucleic acids. 

There is experimental evidence that cer- 
tain types of progressive muscular dystrophy 
are associated with abnormal metabolism of 
certain components of nucleic acids. This 
field has been reviewed by K. E. Mason 
(“The Vitamins,” edited by W. H. Sebrell 
and R. S. Harris, Volume III, p. 514, see 
esp. p. 558, Academic Press Inc., New York 
(1954)), who suggests that in these diseases 
there is a metabolic block which results in 
the inability of the muscle cells to convert 
tocopherol to hydroquinone derivatives or to 
other compounds which exert the anti- 
dystrophic effects of vitamin E. The work 
of Dinning (loc. cit.) on the relation of vita- 
min E to disturbances in nucleic acid metab- 
olism may offer new clues for the studies 
being done in the field of muscular dys- 
trophy. 
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NOTES 


Fat and Work 


Reports from many laboratories over a 
period of years have shown that high fat 
diets support better work performance than 
do diets low in fat. There have also been 
those who disagree with such findings. One 
such disagreement has been presented by 
B. H. Ershoff (J. Nutrition 53, 439 (1954)). 
This worker reported better swimming 
performance of mice and rats on fat-free 
or fat-low diets (see also Nutrition Reviews 
13, 33 (1955)). 

Young mice were fed a fat-free ration 
while control mice were fed a similar ration 
in which 10 per cent of the dextrose was 
replaced by an equal weight of cottonseed 
oil. After twenty-one days of feeding these 
rations the animals were tested for endurance 
in a swimming test. Water temperatures of 
37° and 20°C. were employed. Mice of both 
diet groups swam for four hours in the 37° 
water. When the mice were made to swim 
at 20°C., those receiving the fat-containing 
diet swam an average of 11.7 minutes. The 
animals on the fat-free ration did very much 
better; only 4 out of 18 swam less than 
four hours. 

In another experiment the mice were 
maintained on a stock ration until they were 
4 months old. Thereafter half the animals 
received the fat-free diet, while the other 
half was fed the fat-supplemented diet. 
After twenty-one days on these regimens 
swimming performance was tested in water 
at 20°C. The animals receiving the 10 per 
cent fat diet swam for 14.5 minutes, while 
the mice receiving no fat swam appreciably 
longer—in some instances a full four hours. 
Ershoff found that the incorporation of even 
1 per cent cottonseed oil appreciably reduced 
the total swimming time. The addition of 


2.5 per cent fat caused almost as much 
reduction as the addition of 10 per cent. 
Hydrogenated coconut oil permitted some- 
what better survival than an equal amount 
of cottonseed oil. The ‘“‘protective” effect of 
the fat-free ration was demonstrable after 
only three days, reaching maximal effective- 
ness after five days of feeding this ration. 

In similar experiments with rats Ershoff 
found that all animals survived a four-hour 
swim in water at 37°C. regardless of the 
presence or absence of dietary fat. At 20°C. 
the rats fed the fat-free ration showed the 
greatest swimming capacity. Survival time 
was progressively reduced by the addition 
of 1 per cent, 2.5 per cent and 10 per cent fat. 
No difference was observed between cotton- 
seed oil and hydrogenated coconut oil, in 
contrast to the observations with mice. 


Recent Nutrition Book 


Nutrition Practices: A Guide for Public 
Health Administrators. Prepared and pub- 
lished by the American Public Health Asso- 
ciation, 1955, under a joint grant from The 
Nutrition Foundation, The Milbank Me- 
morial Fund, and the Williams-Waterman 
Fund. Pp. 72, 13 illustrations. Price: $1.00 
per single copy; $0.75 per copy in quanti- 
ties of 25 or more. Order from American 
Public Health Association, 1790 Broadway, 
New York 19, N. Y. 

This Guide is addressed primarily to ad- 
ministrators of public health departments. 
Its purpose is to assist them to initiate, con- 
duct and evaluate nutrition services. Admin- 
istrators of other health agencies and those 
professionally in charge of program units, 
together with students of public health ad- 
ministration, may find it helpful in compre- 
hending the relationship of nutrition to the 
complete public health program. 
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CLINICAL NUTRITION BRIEFS 


“Although iron deficiency exists and per- 
haps largely explains the microcytic hypo- 
chromic anemia in women, there is a con- 
siderable portion of the population with a 
moderate normochromic, normocytic anemia 
and some other factor, probably nutritional, 
is the cause. Careful dietary studies as well 
as more extensive and better controlled 
therapeutic tests should be informative. 
The so-called ‘natural’ experiments offer 
opportunities that cannot be duplicated 
elsewhere.”? (Nutrition Reviews 18, 195 
(1955), Anemia in Eskimos. ) 

“Plasma levels and urinary excretion at 
intervals after the injection of vitamin By 
in two groups of children, one judged normal 
and the other failing in growth as judged by 
the Wetzel grid, were also studied. The test 
dose was 1.5 micrograms per kilogram of 
body weight. No statistically significant dif- 
ferences in the original level of vitamin By, 
the serum levels at intervals after injection, 
or the excretion rate were observed. The 
serum level was considerably higher for as 
long as six hours after the injection, although 
the urinary excretion dropped promptly to 
very low levels.”’ (Nutrition Reviews 13, 
197 (1955), Vitamin By in Jamaican 
Children.) 

“Disturbances in the metabolism of all 
nutrients so far studied have been observed 
following severe burns. Hyperglycemia, gly- 
cosuria, lactacidemia, and lowered plasma 
carbon dioxide-combining power usually 
appear soon after injury and persist for a 
number of days. In general, the extent of 
these changes parallels the severity of the 
burn. It appears that there is a marked in- 
crease in carbohydrate turnover. Following 
thermal burns, there is an early increase in 
protein breakdown, with the excretion of 
excessive amounts of nitrogen in the urine. 
Some of this protein may be converted to 
glucose.”’ (Nutrition Reviews 13, 202 (1955), 
Metabolism Following Burns.) 


“The magnitude of this physiologically 
conditioned movement of plasma iron can 
be appreciated from the fact that 25 to 30 
mg. of iron are turned over, under normal 
conditions, every twenty-four hours. Sev- 
enty-five per cent of this turnover iron is 
accounted for by the daily requirements of 
hemoglobin synthesis alone and is provided 
by the iron freed in daily hemoglobin break- 
down.” (Nutrition Reviews 18, 225 (1955), 
Plasma Iron: Its Transport and Significance.) 


“These two studies indicate that, in the 
first place, alcohol increases the hepatic 
blood flow, which the authors felt was due 
not to increased cardiac output but to de- 
creased peripheral resistance. Further, alco- 
holics who had consumed a poor diet and 
had fatty infiltration of the liver did not 
show a significant decrease in hepatic blood 
flow but did have a lowered hepatic venous 
oxygen saturation, which presumably com- 
promised the nutrition of the centrolobular 
liver cells.”” (Nutrition Reviews 13, 229 
(1955), Aleohol, Nutrition and Liver Blood 
Flow in Man.) 


“The effect of dextran on nitrogen and 
phosphorus balance was studied in seven 
experimental periods in 6 subjects. The low 
calorie diet given these persons produced 
negative balance for both nitrogen and phos- 
phorus in five instances. During periods of 
dextran administration there was sparing 
of both nitrogen and phosphorus.” (Nutri- 
tion Reviews 13, 230 (1955), Metabolic 
Changes Produced by Dextran.) 


“The dangers of severely limited diets in 
unsupervised persons are well known. The 
restricted intake of many of the so-called 
‘protective foods’ necessary to achieve this 
low level of protein intake appears unwise 
without adequate dietetic advice and may 
have unfortunate effects.” (Nutrition Re- 
views 13, 259 (1955), Reducing Diets.) 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manu- 
facturers in December, 1941, as a sincere expression of their interest in 
scientific progress and human health. The basic purposes of the Founda- 
tion are: (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) 
the support of educational measures that will assist in making the science 
of nutrition effective in the lives of present and future generations. 


The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained people to keep abreast of current progress 
and to have available an unbiased, authoritative review of me current 
research literature in the science of nutrition. 


The Editorial Staff has been carefully selected so that the publication 
will merit, in reasonable degrve,; the confidence of the medical profession 
and others who work directly with the public in the field of nutrition. The 
service provided by the publication is distinct from that of an abstract 
journal, a review for laymen, or an extensive scientific review. Since the 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may be further modified by the 
Editorial Office in preparing final copy for the press, the Editorial Commit- 
tee feels that it is preferable not to affix the names of Editorial Staff mem- | 
bers to individual reviews. There is thus a high degree of group responsi- 
bility on the part of the Editor and Associate Editors. 


Signed articles do not necessarily represent the opinion of the Editorial 
Staff. 


A leaflet based on articles appearing currently in NUTRITION 
REVIEWS and entitled ‘Current Research in the Science of Nutrition”’ is 
distributed by The Nutrition Foundation each month. The vocabulary of 
the leaflet is adapted for lay reading and the subject matter is restricted 
to clearly established findings of practical interest. Subscriptions should be 
sent to The Nutrition Foundation, Inc., 99 Park Ave., New York City. 
Rate $1.00 per year in the United States and Canada; $1.25 in other 
countries. | 





